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A RAPID THERMOGRAPHIC METHOD FOR THE STUDY OF 
EQUILIBRIUM DIAGRAMS 


L. G. Berg, S. D. Gromakov and I. V. Zoroatskaya 


V. I. Ul'yanov-Lenin Kazan State University 


(Presented by Academician I. 1. Chernyaev, October 25, 1958) 


In the method usually used for thermographic investigations [1], the differential curve records the differ- 
ence between the temperature of the sample and that of the standard. The substances used as standards do not 
undergo thermal transformations in the temperature interval concerned. However, it is possible in principle to 
obtain thermographic records for two investigated substances simultaneously,if the second substance to be in- 
vestigated is substituted for the standard substance (we will designate the substance substituted for the standard 
as Sample 2). In this case, the differential curve will simultaneously record the thermal effects of the two sam- 
ples under investigation. It is also obvious that the thermal effects occurring in Sample 2 will be inversely re- 


cordedon the differential curve; that is, an exothermic effect will be recorded as an endothermic effect and 
conversely, 


It is also important to note that the thermal effects oc- 
curring in the two samples are recorded on the differential 
curve clearly and separately, even in the case where they pro- 
ceed at close to the same temperature. This is because the 
thermal effects proceed independently of one another. Simul- 
taneous recording with two samples doubles the rate at which 
the investigation is carried out, it also permits calibration of 
the thermocouples at one time with two substances. 


The method does have some shortcomings. Chief among 
these is that the heating rate differs slightly for the two sam- 
ples, since the thermal properties of thesamples are different. 

As our investigations showed, this shortcoming can be complete - 
ly eliminated if the readings of the differential thermocouple 
Fig. 1. Temperature-composition diagram are calibrated. This shortcoming is partially, but satisfactorily 
for the binary system KCl — SrCl, corrected by the fact that the difference is considerably less on 

the cooling curves than on the heating curves. We also believe 
that it is possible to eliminate this dineviieiiiy with complete satisfaction by making the holes in the metal block 
with a small cross-section and working with small amounts of the samples, 


We tested this method using a system which has already been studied [2], KCI-SrCl,. The temperature- 
composition diagram of this system is relatively complex (Figure 1) and, therefore, quite convenient for testing 
the usefulness of the method, For reasons of method, we studied this system at all compositions in 10 molar % 
intervals. For recording the curves, the samples were taken in pairs in the following order. 


1st recording KCl (wt. %) SrCl, 2nd recording KCl (wt.%) SrCl, 3rd recording KCl (wt. %) SrCl, 
Sample 2 100 0 sample 2 90 10 sample 2 80 20 
Sample 1 90 10 sample 1 80 20 sampie 1 70 30 


810 
* | 
\ 
700} 


The weight of the substances taken were calculated on the basis of 1/70 mole of KCl and SrCl,. The 
heating and cooling curves were determined twice for each pair of compositions, and the greatest attention was 
given to the cooling curves. If the cooling curves are identical, i. e., if they have the same topological elements, 
it means that the cooling process took place under conditions close to thermodynamic equilibrium. In this case 
also, the second heating curve will indicate the same thermal processes taking place in the system. It is also ob- 
vious that the heating curves will be different since the first of them - the heating curve of original mecha- 


nical mixture - reflects nonequilibrium processes in the 
system. By a comparison of these two heating curves, it 
is possible to form certain conclusions as to the mecha- 
nism of the chemical interaction occurring between the 
substances. In Figures 2 and 3, the first heating and cool- 
ing curve is denoted by numeral 1 (Figures 2 and 3) and 
the second by 2 (Figure 3). In identifying the samples in 
which thermal conversion takes place, it must be taken 
into consideration that the thermal effects in Sample 1 
are recorded on the ordinary and differential curves, while 
the thermal effects in Sample 2 are recorded only on the f 
differential curve. It must also be taken into considera- 
tion that the thermal effects are repeated on the heating 
and cooling curves in reverse order, and are mutually in- 
verted. An important time during the interpretation of 
the thermal effects and the construction, on this basis, of 
the structural diagram is that during which curves belong- 


ing to samples which differ in the succession of composi- 
tions are compared. 


We will not present here all of the data obtained, 
but will limit ourselves to individual examples. 
a 


Let us consider the thermogram of Figure 2. Ac- 
cording to the structural diagram (Figure 1), there should 
2 | . be two thermal effects for Sample 2, one at 596° - an eu- 
tectic - and one at 727° - the disappearance of the last 
crystals or, what amounts to the same thing, the appear- 


ance of the first crystals. Henceforth, we shall call this 
Fig. 2. Thermograms for two compositions. Sam- effect the "liquidus effect." Sample 1 should also show 


ple 1)80 mol. % KCl + 20 mol. % SrCly; sample two thermal effects, one at 596° - an eutectic - and one 
2: 90 mol. % KCl + 10 mol. % SrCly. at 666° - a liquidus effect. The significance of these ef- 
fects are shown in Figure 1. In order to determine the 
extent to which these thermal effects were reflected on the thermograms, we began an interpretation of the first 
cooling curve. The first effect, at 727°, appeared on the differential curve as a sharp break ("endoeffect"). 
Hence, it was unequivocally established that this was a liquidus effect in Sample 2. The horizontal broken lines 
in Figure 2 are joined to the same effects on the heating and cooling curves. From these straight lines, it is seen 
that the thermal effects of the first heating curve proceeded under nonequilibrium conditions, while those of the 
second curve were under conditions close to equilibrium. The second thermal effect on the cooling curve, at 666°, 
is a liquidus effect in Sample 1. This effect appeared less clearly than the first; however, it appeared on both 
curves as an exothermic effect. The eutectic effect in Sample 1 appeared next on these same ordinary and dif- 
ferential curves, and somewhat later this same effect appeared for Sample 2. These same effects appeared on the 
second heating curve in an order which was the reverse of that in which they appeared on the first cooling curve: 
a small "exoeffect" - the eutectic of Sample 2 - then an endoeffect - the eutectic of Sample 1 - and the liquidus 
effects of Samples 1 and 2. The same effects appearing on the first cooling curve are seen on the second. There 
is an insignificant difference in that the eutectic effect in Sample 2 is completely compensated by this same ef- 
fect in Sample 1. This superposition on the eutectic effects is explained by the fact that the two samples simul- 


taneously reached a temperature of 596°. This is confirmed by the fact that the exoeffect for Sample 1 is larger 
on the first cooling curve than on the second cooling curve. 
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It is important to note that the differential curve is subdivided into sections which clearly reflect processes 
of phase transformations in each of the two samples. Let us consider this using the second cooling curve (Figure 
2). The portion of the differential curve from a to b indicates that both mixtures are in the molten state, and 
rapid equalization of the temperatures in the samples takes place during cooling. Crystallization begins in Sam- 
ple 2 at the break in the curve at point b. At point c, the difference in the temperatures of the samples reaches 

its maximum value. Moreover, two thermal processes proceed si- 
multaneously in Sample 2 from the time crystallization begins up 
74 to point.c; these processes are the liberation of heat of crystalliza- 
tion and cooling of the heterogeneous mixture. It is also obvious 
that the absolute temperature in Sample 2 is decreasing all the 
time, but this decrease in temperature becomes relatively small 
in comparison with the rate of cooling of Sample 1. This explains 
\ reer the relative increase in temperature on the differential curve (the 
575 “endoeffect") in the interval from b toc. At point c, the cooling 
rates of the samples become equal. The numerical value of this 
rate is determined from the slope of the ordinary curve at point c.* 


However, the crystallization in Sample 2 is still not complete 
when point d is reached. This is shown in Figure 1, where a, b, c, 
and d indicate the temperatures at which the effects considered in 


igure 2 : 
Fig. 3. Thermograms for two compo- Figure 2 occur 


sitions. Sample 1)30 mol. %KC1+ Proceeding further along the differential curve, from the 

70 mol. % SrCl,; Sample 2) 40 mol. point of the break at d to point e,crystallization takes place in 

% KCl + 60 mol. % SrCly. Sample 1 (at 666°). Then, at point e the cooling rates of the sam- 
ples again become equal, although at that particular time the ab- 

solute temperature of Sample 1 is higher than that of Sample 2, as may be seen by the location of point e rela- 

tive to the zero line traced on the thermogram. In that part of the curve from e to f, the predominant process 

is cooling of Sample 2; therefore, the curve is directed downward. Crystallization occurs simultaneously in the 

eutectic mixtures at the break in the curve at point f, However, since there is more eutectic mixture in Sam- 

ple 1, it is the one which appears on the curve. Crystallization proceeds to point g, after which equalization of 

the sample temperatures begins. i 


We shall limit ourselves to one other thermogram, one for which the interpretation of the processes is not 
unequivocal. It is presented in Figure 3, but only the second curve is shown, since the first is completely ana- 
logous. According to the temperature -composition diagram (Figure 1), the following thermal effect must appear 
on the thermogram. For Sample 1 (on the cooling curve), there should be an exothermic liquidus effect at 665° 
and a second exothermic effect from the formation of the compound KCI1-2SrCl,, which melts with decomposi- 
tion at 638°. Also in Sample 1 there should be a liquidus "endoeffect" at 632° and an "endoeffect” due to crys- 
tallization of the eutectic at 575°. As a matter of fact, it is evident that there is a considerably greater number 
of characteristic topological elements on the cooling curve (Figure 3). For example, the break in the curve at 
665° is less typical than the break in the curve at point a at 656°, while at point a no new phase transformations 
arise. This is the maximum crystallization temperature of this same phase. If there were no new transforma- 
tions in Sample 1, the curve should proceed directly from a to_b. However, the formation of a compound (exo- _ 
thermic effect) takes place in Sample 1 at 638°. Next, in Sample 2 there is an “endoeffect" at 632°. The effect 
apparently reaches its maximum value at the point on the curve corresponding to 607°, after which equalization 
of the temperatures in the samples takes place and should continue toward c, However, an “endoeffect" appears 
in Sample 2 at 575°. On the differential curve, this effect is, moreover, characterized by breaks at points d, c, 


* This is obvious from the following explanation. Let the rate of cooling of Sample 2 be — dt,/ dT, and that of 
Sample 1~dt,/ dT; then the differential curve dt/dT will be equal to the difference in the cooling rates of the 
samples, namely dt/ dT = —dt,/ dT + dty/aT. If dt,/ dT > dt,/dT, then dt/dT vill be negative, and the differ- 
ential curve will have a downward course toward the minimum, point c. When dt,/ dT = dt,/dT, dt/dT = 0, 
and the portion of the curve leading to the minimum, point c, will be horizontal with respect to the zero line of 
the thermogram, while when dt,/ dT < dt,/ dT, the curve from c to d will have an upward course. 


4 


and f, after which temperature equalization takes place. This complex representation on the differential curve 
of theeffect at 575° can apparently be explained by nonequilibium coding. This is confirmed by the fact that 
not all of the characteristic topological elements are reproduced on the differential heating curve (the second 
one) and, in addition, by the wide divergence in the temperatures of the effects. 


The complex course of the differential curve (d, e, f) indicates that this effect (575°) appears in both sam- 
ples. In fact, if it appeared only in Sample 2, this effect would be registered by a simple "endothermic" passing 
through points d' and f. Since this effect also appears as an exothermic effect in Sample 1, their superposition 
results in the complex course of the cooling curve. 


This not unequivocal interpretation of the data of the thermogram {s not an example of an important 
difficulty in the proposed rapid method of thermographic investigations. The simplest method of eliminating 
these uncertainties consists of a second study of the remaining compositions, which are taken in combination with 
samples of different compositions, or by recording the curve from only one sample. 


In a number of cases, simultaneous recording of the curves for three samples can apparently be successfully 
carried out using two differential thermocouples. In this case, the samples should be arranged in the block so that 
the ordinary thermocouple is placed in the sample of intermediate composition. 

LITERATURE CITED 
(1) L. G. Berg, A. V. Nikolaev and E. Ya. Rode, Thermography, Izd. AN SSSR, (1944). 
(2) Technical Encyclopedic Handbook, 6, 171*, (1931). 
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CLARIFICATION OF THE ROLE OF METHANOL IN THE CATALYTIC 


PROCESS FOR THE PRODUCTION OF BUTADIENE FROM ALCOHOL 


THROUGH THE USE OF METHANOL LABELED WITH RADIOACTIVE 
CARBON c?!4 


Yu. A. Gorin, S. G. Sokolova and A. K. Panteleeva 
S. V. Lebedev All-Union Scientific-Research Institute of Synthetic Rubber 
(Presented by Academician B, A. Kazanskii, November 15, 1958) 


Methyl alcohol is one of the substances found in the products of the catalytic conversion of ethyl alcohol 
to butadiene by the method of S. V. Lebedev. 


It was proposed rather early that the methyl alcohol enters the process as an impurity in the technical 
ethyl alcohol, which is produced by hydrolysis of wood cellulose. However, it has more recently been shown 
that the methanol is formed as a by-product of the process by which the ethyl alcohol is converted to butadiene. 


In view of the considerable difficulties connected with the separation, by rectification, of the methanol 
from the unreacted ethyl alcohol present in the reaction products ("reclaim" alcohol), part of the methanol is 
recycled, and is fed to the catalytic process along with the ethyl alcohol. The methanol introduced with "re- 
claim" alcohol and methanol formed in the catalytic process which converts the ethyl alcohol accumulate in 
the feed alcohol in the steady-state concentration, which amounts to ~2.5%, 


S. V. Lebedev [1], as early as 1933, indicated that it is possible that formaldehyde is formed under the 
conditions of the catalytic synthesis of butadiene from ethyl alcohol through the interaction of CO and H “at the 
instant of its formation” (nascent H). Further reduction of the formaldehyde can lead to methyl alcohol. S. V. 
Lebedev also proposed that compounds with an odd number of carbon atoms, which are found in the reaction 


products, arise as a consequence of the addition of formaldehyde to various "fragments" formed as intermediate 
products of the reaction. 


The possibility of the participation of formaldehyde in reactions leading to lengthening of the carbon chain 
by one atom was experimentally demonstrated by Yu. A. Gorin and K. N. Charskaya [2]. 


In a development of the views of S. V. Lebedev, one of us proposed that the formaldehyde formed in the 
process can condense with acetaldehyde -or crotonaldehyde and also with other carbonyl compounds [3]. Such 
condensations would remove from the sphere of the reaction acetaldehyde or crotonaldehyde, which are inter- 
mediate products in the formation of butadiene [4, 5], and thereby reduce the yield of butadiene. 


The present work was undertaken with the aim of examining the role of methanol in the catalytic process 
for the production of butadiene from alcohol. The use of labeled methanol permitted us to trace its transforma- 
tions and to determine the compounds in the formation of which it takes part. 


A series of experiments was carried out at 400° over commercial S. V. Lebedev catalyst with an alcohol- 
aldehyde mixture containing 4% acetaldehyde with 2.5% methyl alcohol labeled with radioactive carbon added. 
The experiments were carried out with the catalyst furnace described in reference [1]. The organic layer was 
separated from the reaction products and distilled over metallic sodium in a column equivalent to 20 theoretical 
plates; the fractions collected corresponded in boiling range to Cs, Cg, Cz, and Cg hvdrocarbons; part of the C, 


hydrocarbons (dissolved in the hydrocarbon layer) was collected in a trap cooled with a mixture of acetone and 
solid carbon dioxide. 
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The hydrocarbons which collected in the trap were distilled in an apparatus for low-temperature distilla- 
tion of hydrocarbon gases [TsIATIM~-52 (Central Scientific-Research Institute of Aviation Fuels and Lubricants)], 
The distillation produced a butadiene fraction and a residue boiling above 15°. 


TABLE 1 


Characteristics of the Fractions Separated During the Distillation of the Hydrocarbons 


Mol, wt, Elemental « omposition, % 
Fraction Neate. toe found calculated 
carbon 
Cg (butadiene) | —4,5 88,9} — CyHe 89 44 


Residue from | >+415 | — 86,0 | 11,9] CsHe 88,3 44,7 
butadiene CsHio 85,7 14,3 
distil, (C5) 


CsHg CsHs 


3 
CsHio 70 3 | 12,4} CsHio 


CeHio 82 


CeHig 84) 85 


CeHig 
13,1} CoHie 85,7 


96) 84, 


C7Hie 
CrHig 98 


5 
0} 12,4] 85, 


CgH14110) 83,4 
85,3 


CsH 


* Two numbers in one square correspond to two parallel determinations, 


All of these fractions were characterized by boiling range, molecular weight, chemical composition, and 
content of radioactive carbon. The molecular weights were determined cryoscopically, and the elemental com- 
positions were determined by combustion over copper oxide. The solution of potassium carbonate (from the car- 
bon dioxide absorber), obtained during the elemental analysis, was used for the preparation of the BaCOs required 
for the radioactivity measurements (by precipitation from Ba(OH), solution), Determination of the radioactivity 


was carried out in a saturated BaCO, layer by means of an end-window counter; correction for background was 
introduced. 


The characteristics of the separate hydrocarbon fractions are presented in Table 1. 


The results in Table 1 show that the distillation fractions correspond to hydrocarbons containing 4, 5, 6, 7, 
and 8 carbon atoms. The residue from the distillation of butadiene corresponds to Cs; fraction. The nature of 
these substances was not examined, since previous investigations [1, 6] have established the composition of the 
C, to Cy hydrocarbons formed as by-products in the catalytic synthesis of butadiene by the S. V. Lebedev meth- 


od. In particular, a study of the C; hydrocarbons showed that they contain amylenes, piperylene and isoprene 
{1, 7). 


Less than 100% of the total carbon and hydrogen determined by elemental analysis of the individual hydro- 
carbon fractions can be explained by the presence of oxygen-containing compounds (mainly ethers) which could 
not be removed during the treatment of the hydrocarbons with metallic sodium. 


Data from the radioactivity determinations are presented in Figure 1. They indicate that the fractions 
possessing the highest activity were the C, hydrocarbons, including the residue from the butadiene distillation 


which was C; fraction, and the C; fraction, i. e., fractions of hydrocarbons containing an odd number of carbon 
atoms. 
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| 88,3 | 44,7 
70,5 85,7 14,3 
a 85,4 12,2 
9 14,3 
82—112 | 95,1 5 42,5 
og 7 14,3 
442—438] 104 | 12,0 87,3 | 42,7 
| 85.7 14'3 


The C, fraction (butadiene) did not contain radioactive carbon; the activity of the Cg fraction was one - 
fourth the activity of the C, fraction, and the activity of the Cg fraction was considerably less than the activity 
of the C; fraction. 


The presence of some radioactivity in the fractions of hydro- 
imp/min. S vee png, carbons with an even number of carbon atoms can be explained by 
260, A an insufficiently high fractionation efficiency, which could have re- 
sulted in the presence of some Cy and also Cy hydrocarbons in the C- 
fraction and of some C, hydrocarbons in the Cg fraction. Moreover, it 
is also possible that part of the C, hydrocarbons could have been form- 
ed by the reaction Cy*+ - C,t + C (some cracking can take place 
during the catalytic process); the resulting Cg hydrocarbons would 
possess radioactivity. The same can be said of the C, fraction. How- 
- ever, these side reactions, if they actually do take place, apparently 
Oa tt pi do not have any great significance, and they cannot change the fact 
Hes & dyke fee bk that the fractions of hydrocarbons with an odd number of carbon atoms 
have considerably higher radioactivity than the fractions of hydrocar- 
Fig. 1. Change in the radioactivity of bons of the even series. 
the hydrocarbons with boiling range (or 
number of carbon atoms per molecule) 


These results make it possible to formulate certain considera- 
tions on the mechanism of the formation of the odd series hydrocar- 
bons during the catalytic process for the production of butadiene by 
the method of S. V. Lebedev. 


It is evident that methyl alcohol takes part in the formation of odd series hydrocarbons. The most prob- 
able explanation is S. V. Lebedev's proposal [1] relative to the possibility of the participation of formaldehyde 
in this process. When methanol is introduced into the process, formaldehyde is formed by elimination of hydro- 
gen under the influence of the dehydrogenating component of the catalyst. In addition, formaldehyde can be 
formed by hydrogen transfer between molecules of methyl alcohol and acetaldehyde [4, 5Jetc. As already in- 
dicated above, formaldehyde is also formed as a by-product in the process itself. The resulting formaldehyde 


takes part in condensation reactions which combine molecules formed during the catalytic synthesis of butadiene 
from alcohol. For example; 


4. HCHO + CH; — CH = CH —CHO — CH,OH — CH, — CH = CH —CHO = 


—H,0O 
Ch = CH Cit = CH Cit, + 


2H isomérization 
—H;0 
“oar CH, = CH — CH, — CH, —CHsOH ——— CH, = CH —CH = CH —CHs 
2 
isomerization 


2. CHs — CH, — CO — CH; + HCHO CHy — CH, —CO— CH, —CH,OH 

+2H —H,0 

CH; —CH,— CHOH —CH,—CH,OH ——~+ CH;—CH,—CH = CH—CH,OH— 
—H,0 


3. CHs CHO + HCHO CHs— CH, — — CHO — 
CH,0H 


+2H 
| 
CH, CH, 


—H,0 
CH, —CH=C—CH,OH —— CH, =CH—C=CH, 
isomerization _ | 


Hs CHs 
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The C, hydrocarbons could be the result of the condensation of formaldehyde with Ce aldehydes, which are 
by-products of the S. V. Lebedev process. 


These hypothetical schemes makeit possible to visualize how condensations involving formaldehyde take 
place and how the resulting different particles are combined in the pee process of S. V. Lebedev with the 
formation of molecules with an odd number of carbon atoms. 


From Scheme 1 it is seen that formaldehyde combines with crotonaldehyde and thereby decreases the yield 
of butadiene; therefore, the removal of methyl alcohol from the alcohol feed can improve the reaction conditions 
and promote an — in the yleldof butadiene. 
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THE EFFECT OF THE REACTION PRODUCTS ON THE RATE OF 
CATALYTIC OXIDATION OF ETHYLENE 
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L. V. Pisarzhevskii Institute of Physical Chemistry, Academy of Sciences UkrSSR 
(Presented by Academician B. A. Kazanskii, November 25, 1958) 


A considerable amount of work has been devoted to the investigation of the kinetics of the catalytic oxida- 
tion of ethylene over silver catalyst, but the question of the effect of the substances formed during the reaction 
on the the reaction rate has as yet been quite insufficiently studied. Only in the paper by Murray [1] has it been 
pointed out that the presence of water vapor somewhat increases the selectivity forthe production of ethylene ox- 
ide, but it appreciably decreases the over-all extent of the oxidation. 


The aim of the present work was a more detailed study of the question of the effect of the products formed 
during the catalytic oxidation of ethylene (ethylene oxide, carbon dioxide, and water vapor) on the rate of the 
process. The investigation was carried out in a circulating flow system [2]. 


For an answer to the question of whether any of the products of the reaction have an effect on its rate, we 
measured the rate of the process at constant concentrations of feed components in the system and various concen- 
trations of reaction products. With this in mind, we measured the rate of flow and the concentration of ethylene 
in the feed to the system while holding the temperature constant. With an increase in the flow rate, the extent 
of ethylene oxidation dropped, and the concentrations of reaction products in the system decreased corresponding- 
ly. It may be seen from the data presented in Table 1 that with approximately equal C,H, concentrations in the 
system, the reaction rate increases with an increase in the flow rate. Since external transport processes have no 
effect [3], the observed effect must be due to a decrease in the concentration of products having an inhibiting 
effect. In order to determine which of the products inhibits the reaction, we used the following method. Traps 
were installed in the system between the circulating pump and the reactor (Figure 1), and the reaction products 
formed during each pass through the catalyst were absorbed in the traps. Asa result, the product whose effect 
was being investigated was completely absent from the system (or was present in considerably decreased amount). 
By comparing the reaction rate in the presence and in the absence of a product, it was possible to judge the effect 
of that product on the reaction rate. This method is enormously betterthan the usual method in which reaction 
products are added to the feed, since it permits determination of the effect of a substance as it is directly formed 
during the reaction even though it is present in a very small amount. 


Calcined potassium carbonate was used to remove water vapor; this removed H,O, but removed neither 
CO, nor C,H,O. CO, and H,O were removed from the system by including in the system a trap containing cal- 
cined potassium hydroxide; control experiments showed that there was no absorption of ethylene oxide. Ethylene 
oxide was frozen out in traps cooled with a mixture of ethyl alcohol and solid carbon dioxide (—72°); in this case, - 
there was also complete removal of water vapor. Since at ~72° the vapor pressure of ethylene oxide is several 


millimeters, the ethylene oxide was incompletely frozen out in the traps, and a certain amount of C,H,O always 
remained in the system. : ; 


Data on the effect of H,O and CO, on the rate of oxidation of C,H, at a temperature of 215° are presented 
in Table 2. It may be seen from the data in the table that the removal of water increased the rate of the reac- 


tion by a factor of approximately 1.2-1.25, while the selectivity was not changed. The simultaneous removal 
of H,O and CO, increased the rate by a factor of approximately 1.6-1.7, Consequently, the removal of CO, 
alone should increase the rate of the process by a factor of 1.3-1.4. The decrease in selectivity when CO, was 
removed shows that the carbon dioxide formed in the process more strongly inhibits the complete oxidation of 
ethylene than it does the reaction forming C,H,O. It is interesting to note that small amounts of CO, inhibit, 
while with an increase in its concentration in the mixture there was considerably less inhibition. We also car- 
ried out experiments in which CO, was added to the reaction mixture (Figure 2). The addition of 10% CO, only 
insignificantly decreased the reaction rate; in order to obtain the effect cbserved when the concentration of CO, 
in the system increased from zero to 0.84%, it was necessary to add 30% carbon dioxide to the feed. 


TABLE 1 


Dependence of Reaction Rate on the Concentration of Products (t = 220°, mixture: oxygen- 
ethylene) 


Steady state concentration in the 
CzH, con- | system, Degree {Reaction rate 
Flow rate, | centration of con- |(w.104 mole 


cc/min, in feed, % C,H,O CO, (H:0) version per liter sec) 


200 0,57 0,66 0,28 
420 2,77 2,45 0,36 0,52 0,22 
740 2,66 2,27 0,16 


TABLE 2 


Effect of H,O and CO, on the Rate and Selectivity of the Oxidation of Ethylene.(t = 215°; 
V¢ = 200 cc/min; feed: air-ethylene ) 


C,H, con- | Steady state concentration, % Reaction rate 
Expt. | tent in (W - 104 mole 
No. feed, % CsH,0 Ho per liter * sec) 

oe | 3,08 1,46 1,23 0,78 0,78 76 2,42 
3,44 1,19 1,46 0,92 none 76 2,86 
3,18 1,46 ioe 0,80 0,80 77 2,56 
2 3,01 4,37 1,24 0,80 0,80 76 2,44 
3,50 41,40 1,55 4210 none 74 3,14 
3,20 1,43 1,32 0,90 u,90 75 2,62 
b. 3,15 1,43 4,32 0,84 0,84 76 2,56 
3,55 0,93 1,79 none none 69 3,30 
4,60 1,34 2,23 none none 68 4,10 
3,15 1,48 1,30 0, 0,84 76 2,56 


In Table 3 are presented data on the effect of C,H,O on the rate of oxidation of ethylene under the same 
conditions and over the same catalyst (Experiments 1-3). It may be seen from the data in this table that the 


removal of water and a decrease in the concentration of ethylene oxide in the system increased the reaction 
rate more than the removal of water alone. 


However, in different experiments the reactionrate increased to different extents, this increase being less 
the greater the amount of C,H,O remaining in the system. When 0,.58-0,60% C,H,O remained in the system, the 
reaction rate was increased by a factor of 1.7; when the amount of ethylene oxide passing through the trap was 
0.85%, the reaction was accelerated by a factor of only 1.45. It is probable that the amount of ethylene oxide 
frozen out, i. e., the extent to which its concentration in the system is reduced, has no significance, and the 
important factor is the concentration of the remaining oxide. That our proposal is correct is indicated by the 
results of Experiments 4 and 5 in which the ethylene oxide was more completely removed from the system by 


considerably decreasing the flow rate and the circulation rate; this provided better conditions for freezing out 
the ethylene oxide. 
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Fig. 2. Effect of the addition of CO, to the 
feed on the rate of oxidation of ethylene to 
ethylene oxide. 


These experiments were confirmed using another 
catalyst and an ethylene-oxygen feed at temperatures of 
215 and 230°, It may be seen from Table 3 that with a 
Fig. 1. Method of removing reaction products from decrease in the concentration of ethylene oxide in the 
the system. system to 0.45-0.50%, the reaction rate increased by a 
factor of 2.8-3.2. Thus, as in the case of carbon dioxide, 
a small amount of the reaction product has the greatest 
effect on the reaction rate. 


The selectivity of the oxidation did not increase when ethylene oxide was removed from the system, though 
an increase would be expected if the oxidation of C,H, to CO, and H,O proceeded through a stage in which C,H,O 
is formed. This is still another proof that at high temperatures (215-230°) the oxidation of C,H, to ethylene oxide 
and to products of complete combustion take place by parallel routes [4]. 


The data presented in the present communication indicate that all of the products of the oxidation of ethyl- 
ene over silver catalyst inhibit the reaction. The products can be arranged in the following series of decreasing 
inhibiting effect: CzH,O > CO, > H,O. 


TABLE 3 


Effect of C,H,O and H,O on the Rate of Oxidation of Ethylene. [t = 215°; feed: air-ethyl- 
ene (Experiments 1-3) and oxygen-ethylene (Experiments 4 and 5)] 


Steady-state concentration in system, % Reaction 
Content of CzH,O 
CoH, in feed removed! Sele tiv ot) 


% C:H,0 | mole/ liter, 
sec 


~ 


- ~~ © 
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035» 
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1 2,10 
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4,20 "00 
420 "94 
3,30 "52 
3 10,80 00 
12/95 
41°70 "60 
40,80 45 
4 1,75 
41,10 
5* 8,65 95 
14°20 00 
8,65 "11 
230° 
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The question of the quantitative dependence of the rate of the catalytic oxidation of ethylene over silver 
on the concentration of reaction products cannot be answered on the basis of the data presented, and the problem 
requires additional investigation. 


A. A. Belaya, E. N. Popova and G. D. Shcherbakova took part in the experimental work, and the authors ex- 
press their appreciation for this aid. Our thanks are also due Corresponding Member AN SSSR V. A. Roiter for con- 
sultation and constant interest in the work. 
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-PHASE FORMATION IN THE SYSTEMS RHENIUM—MANGANESE 
AND RHENIUM-IRON 


Ch. V. Kopetskii, V. Sh. Shekhtman, Corresponding Mem- 


ber AN SSSR N. V. Ageev and E. M. Savitskii 


A. A. Baikov Institute of Metallurgy, Academy of Sciences USSR 


A large number of binary and ternary systems of transition metals in which a o -phase is present are current- 
ly known; these compounds are isomorphic with a structure of the type 8-U. According to existing opinion, one 
of the conditions for the formation of a o-phase is the following: if one of the components belongs to Group VII 
or VIII of the D. 1. Mendeleev periodic system of the elements, the other component must be from Group V Aor VIA. 


Ya. Nements and V. Tzhebyatovskii [1] reported that the € - 
phase in the iron-rhenium system [2] also has the crystal lattice 
of the o-phase. This system does not satisfy the condition referred 
to above, and the formation of o -iron-rhenium cannot find its ex- 
planation within the ramifications of existing theory [3, 4]. 


An iron-rhenium alloy containing 26.45 wt. % iron was pre- 
pared in ahigh-frequency furnace. The sample was annealed at a 
temperature of 1500° for 6 hours, and x-ray patterns were obtained 
using an RKD camera and Fe Ka and V Ka-radiation. Analysis of 
the diffraction pattern confirmed the data of reference [1]. 


The pattern had a system of lines characteristic of o -phase 
(Table 1), and calculation of the lattice parameters gave a = 9.02, 
c = 4.69 A, and c/a = 0.52. 


The microhardness of the o -phase was studied with an PMT- 
Fig. 1. Microstructure of cast manganese- 3 apparatus at a load of 100 g. The value obtained was H MH = 
thenium alloy (49 wt. % Re). Melted in a = 1234 kg/mm*, 


There is nothing in the literature relative to metallic com- 


pounds in the system manganese -rhenium, although a study of the interaction of these elements of Group VII A is 
of great interest from the theoretical point of view. 


A thenium-manganese alloy containing 21.23 wt. % manganese was investigated. The alloy was prepared 
from powdered rhenium (99.9% purity) and electrolytic manganese (99.83% purity). The rhenium powder was 
pressed in molds and then sintered under vacuum at a temperature of 2500°. The alloy was prepared in an atmos- 
phere of argon in an arc furnace with a tungsten electrode in a watercooled copper hearth. The alloy was remelted 
six times in order to ensure that the components were well alloyed. 


The sample was annealed under vacuum at 1000° for 360 hours before thediffraction patterns were taken with 
an RKD camera with Fe Ka- and V Ka-radiation. The x-ray data show that the annealed alloy was homogeneous 


and had the crystal lattice of a o-phase. The lattice parameters of the o -(rhenium-manganese) were; a = 9.14 A, 
c= 4,75 4, c/a= 0.52. 


= 
115 


In Table 1 are presented comparative data calculated from the diffraction patterns (V Ka -radiation) of the 
o-phases of the systems rhenium-molybdenum, rhenium-iron, and rhenium-manganese. A study of cast rhenium- 
manganese samples after fusion in arc and high-frequency furnaces showed that the o-phase is formed from the 
melt in the rhenium-manganese system. The microstructure of the cast alloy is shown in Figure 1; white den- 
drites of o -phase (microhardness Hyyy; = 1008 kg/mn®) are clearly visible. 


TABLE 1 


enium-molyb, Rhenium-iron |Rhenium-mangan. 
Inten- 
sity 


sin aA d-1,044, A 


0,5417 | 2,308 


0,5563 | 2,247 
0,5678 | 2,202 
0,5835 | 2,142 


0,5962 | 2,097 | 0,6293 
0,6115 | 2,044 | 0,6468 


a= 9,54A 
c= 4,96A 
cja=0,52 


Observation of o -phase in the systems iron-rhenium and, particularly, manganese -rhenium leads to addi- 
tional difficulties in the theoretical interpretation of the conditions of formation of these compounds between 
transition metals. Moreover, considering o -phases as electron compounds [3], it may be noted that rhenium, 
like manganese, exhibits an anomalous behavior as compared to metals of other groups, This confirms the im- 


portance of investigating the VII A subgroup of the D. 1. Mendeleev periodic system of elements 


in order to clar- 
ify the nature of o -phases. . 
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eS av 112 0,5722 | 2,344 | 0,5650 | 2,309 
: av | 330 0,5802 | 2,245 | 0,5807 | 2,248 
av 202 0.6018 | 2,497 | 0.5920 | 2,205 
4 av 212 0.6170 | 2,444 | 0.6088 | 2,443 
* 4i4 2,401 | 0,6239 | 2,092 
av 334 27045 | 0.6401 | 2,039 . 
a=9,02 a=9,14A 
0,52 | cja=0,52 
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THE CONFIGURATION OF B-CHLORONINYL KETONES AND THE 
STEREOCHEMISTRY OF KETOVINYLATION REACTIONS 
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R. M. Khomutov 
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(Presented by Academician A. N. Nesmeyanov, December 1, .1958) 


While routes using 6 -chlorovinyl ketones, RCOCH = CHCI, in synthetic organic chemistry have become 
quite well developed [1], the configuration of these compounds currently remains an open question. Consider- 
ing the most important method for the preparation of 8 -chlorovinyl ketones, condensation of acyl chlorides 
with acetylene in the presence of AlCl; - a method which is used for the preparation of alkyl- [2], alkenyl- 
(3]. and aryl-6 -chlorovinyl ketones - it can be assumed that the substances obtained by this method have a 
trans-configuration, since the more stable trans-form should be formed under the conditions of the reaction, 


We have now obtained unequivocal experimental proof that this assumption is correct and that the 6 - 
chlorovinyl ketones obtained by this method have the trans-configuration. When the simplest of the 6 -chloro- 
vinyl ketones, methyl 6 -chlorovinyl ketone, is oxidized with sodium hypochlorite under rigidly controlled con- 
ditions, the only product of the reaction is trans-6 -chloroacrylic acid [5]: 


CH;COCH = CHCl + 3NaOCl -.CICH = CHCOONa + CHCl; + 2NaOH 


Since oxidation with hypochlorite does. not affect the multiply bonded carbon atoms and the mild reaction con- 
ditions make isomerization of either the starting material or the oxidation product impossible, complete inver- 
sion of configuration during the course of the reaction is excluded. Therefore, the methyl 8 -chlorovinyl ketone 
may be considered to be the trans-isomer, and, since all members of the alkyl-, alkenyl-, and aryl 6 -chloro- 
vinyl ketones [2-4] are prepared under similar conditions, they are obviously all trans-isomers, Furthermore, 
since 6 -chlorovinyl ketones obtained by other methods [6, 7] are identical to the compounds obtained by con- 
densation with acetylene, and also since the products of their condensation with cyclopentadiene are identical 
(8, 9], it is obvious that they are the trans-isomers. For the sake of accuracy, it should be pointed out that the 
presence in liquid § -chlorovinyl ketones of a very small amount of the cis-isomer as an impurity cannot be def- 


initely excluded, although it is quite clear that 6 -chlorovinyl ketones can be considered as trans-isomers for 
all practical purposes. 


Establishment of the configuration of 6 -chlorovinyl ketones makes it possible to trace the stereochemistry 


of ketovinylation reactions [1], which is one of the most important reactions of 6 -chlorovinyl ketones and leads 
to nucleophilic substitution of the halogen atom in the latter: 


RCOCH = CHCl + X* + RCOCH = CHX + Cl’ 


The configuration of the products of ketovinylation reactions is not readily established by chemical methods, 
since it is difficult to avoid, during further conversions, the possibility of inversion of the configuration at the 
ethylenic bond. In this connection, we used spectroscopic methods, since the i. r. spectra of the resulting a, B- 
unsaturated ketones and their derivatives make it possible to distinguish quite clearly the configuration at the 
ethylenic bond. For establishing the configuration of ketovinylation products,we selected as the most convenient 
objects of investigation the substances obtained by the interaction of 6 -chlorovinyl ketones with 6 -dicarbonyl 


compounds [10-12], specifically with a-alkylacetoacetic esters and with methylacetylacetone. The formation 
of the trans-isomers of the ketovinylation products would be expected if the nucleophilic-replace ment of the chlo- 
tine atoms in the 6 -chlorovinyl ketones proceeds without a change in the configuration, while the formation of 
the cis-isomer would be expected in the case of substi- 
tution with a change in the configuration of the original 
8 -chlorovinyl ketones, Since the reaction conditions for 
I ketovinylation of B -dicarbonyl compounds (refluxing in 
x benzene for several hours) and also the high distillation 
= temperature during separation of the reaction products 
provide an opportunity for isomerization of any cis-iso- 
mers-formed to trans-isomers, for comparison we inves- 
tigated phenyl 3-ketobutenyl sulfone, obtained by the 
§ interaction of methyl 8-chlorovinyl ketone with the so- 
‘ - im dium salt of benzenesulfinic acid [13]* at room temper- 
y ature, i, e., under conditions excluding isomerization of 
a similar nature. The i. r. spectra of the liquid materials 
Fig. 1. I. r. spectra of a-ethyl-a-(3-ketobutenyl) were taken in a thin layer with an IKS-12 apparatus with 
acetoacetic ester (I) and methyl-(3-ketobutenyl) . an NaCl prism in the region 700-1800 cm; the spectra 
acetylacetone (II). of the crystalline substances were taken using a paste (sus- 
pension) in vaseline oil.** The i. r. spectra of a-ethyl- 
a-(3-ketobutenyl)acetoacetic ester, 


4 H = CHCOCHs 
{12}, and methyl-(3-ketobutenyl )acetylacetone, CHsCOC(CH3;)COCHs, prepared by condensation of methyl 6 -chlo- 


H = CHCOCHg 
rovinyl ketone with methylacetylacetone** *, had intense bands in the 986-984 cm— oe (Figure 1). Similarly, 
the i. r. spectrum of phenyl 3-ketobutenyl sulfone had bands in the region of 983 cmt (Figure 2). It is well known 
that trans-substituted ethylenic bonds have a band at 990-965 cm, This band is due to nonplanar deformation 
vibrations of hydrogen atoms, and is observed only when the molecule has a trans-configuration, thereby serving 
as a valuable indication in settling questions of geometric isomerism [14]. Since the i. r, spectra of the cis- and 
trans-isomers of the compounds mentioned above are not described in the literature, in order to remove any 
doubt, it was necessary to use one of these compounds as a model. For this purpose, we subjected a benzene so- 
lution of solid, readily crystallizable phenyl 3-ketobutenyl ketone ( m. p. 61-62°) in a quartz tube to protracted 
irradiation with ultraviolet light, controlling the process by means of the 1. r. spectra. After 50 hours of irradia- 
tion, the intensity of the band at 983 cm— had already decreased by half, although the resulting oily substance 
still contained a considerable amount of slowly crystallizing trans-isomer; after 75 hours of irradiation, the inten- 
sity of this band was only 20-25% of the original, and after 100 hours of irradiation with ultraviolet light, the in- 


tensity had decreased still more (see Figure 2). Data from the analysis of a sample of the sulfone after 100 hours 
of irradiation: 


Absorption 


Found %: C 57.40; 57.56; H 4.89; 4.83 CypHyO3S. Calculated %r C 57.12; H 4.79. 


were in good agreement with the theoretical values, which excludes the ey of decomposition under the 
influence of the irradiation. 


The substance was a yellowish, enenpeiattgalin oil, n*°D 1.5560. The considerable change in the intensi- 
ty of the 983 cm— band can be explained only by an increase in the cis-isomer content of the sulfone upon irra- 
diation with ultraviolet light [15], and, therefore, the original sulfone had the trans-configuration. This conclu- 


* By an insignificant change in the reaction conditions described previously (use of a small excess of methyl 6 - 
chlorovinyl ketone), we were ableto increase the yield of unsaturated ketosulfone to 84%, 

** The i. r. spectra were taken by one of us and V. S.Troitska in the spectroscopy laboratory of the Institute of 
Pharmacology and Chemotherapy Academy of Medical Sciences USSR, 

*** The preparation of this substance and its analogs will be described in detail by us in one of our future re- 
ports in the Journal of General Che mistry [USSR]. 
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sion was confirmed by an investigation of the i. r. and u. v. spectra of the 2,4-dinitrophenylhydrazones obtained 
from the original phenyl 3-ketobutenyl sulfone and the product from the 100-hour irradiation. The dinitrophenyl- 
hydrazone of the original sulfone, prepared by interaction with dinitrophenylhydrazine in absolute ethyl alcohol 


in the presence of concentrated sulfuric acid, was in the form of orange crystals with an m, p. of 215-216° (from 
ethyl acetate). 


Found %; N 14.43; 14.56 CygHyNOgS. Calculated %: N 14.35. 


It had a characteristic u. v. spectruni., X max = 369-371 mp and € = 30330. From the product of the irradiation 
of the sulfone - a yellowish oil which could not be purified (the compound could not be distilled owing to the 
possibility of isomerization to the more stable trans-form) - was prepared, under the conditions indicated above, 
the dinitrophenylhydrazone, yellow needles with an m. p. of 189-190° (from ethyl acetate), 


Found N 14.24 Calculated %o N 14.35; 


the spectrum of this compound had a maximun at A max = 361-363 mp and € = 18000. A comparison of the 
spectra of these two compounds with respect to the intensity of the absorption maximum indicates that the in- 
tensity was greater in the case of the dinitrophenylhydrazone of the original sulfone. This indicates a trans- 
configuration for the original sulfone and the presence of a considerable amount of the cis-form in the irra- 
diated sulfone, from which was prepared the low-melting dinitrophenylhydrazone [16]. The i. r. spectra of 
these dinitrophenylhydrazones (see Figure) give a clear picture of the difference. In the case of the dinitroe 
phenylhydrazone of the original sulfone we observed in the i. r. spectrum the 983 cm™ band characteristic of 
trans-compounds, while this band was not present in the spectrum of the dinitrophenylhydrazone from the irr- 
adiated sulfone (which we consider the cis-isomer); this confirms our assumption. The i. r. spectra of methyl- 
(3-ketopentenyl)- and methyl-(3-ketohexenyl)acetylacetones, prepared by condensation of ethyl and propyl 

8 -chlorovinyl ketones with methylacetylacetone, also had bands in the 983 cm— region. Consequently, they 


are trans-isomers, and the stereochemical course of the ketovinylation reaction does not change with the transi- 
tion to higher 6 -chlorovinyl ketones. 
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Fig. 2. I. r. spectra of phenyl 3-ketobutenyl 


sulfone before irradiation (I), after 50 hours 
(Il), and afer 100 hours (III) irradiation with 
ultraviolet light. 


Fig. 3. I. r. spectra of the 2,4-dinitrophenyl- 
hydrazones of trans- (I) and cis-phenyl 3- 
ketobutenyl sulfone (II). 


In spite of the fact that the data presented here relate only to ketovinylation of sulfinic acids and 8 -dicar- 
bonyl compounds, there is hardly any doubt that in other known cases (see reference [1]) ketovinylation reactions 
lead to trans-isomers; i. e., the reaction proceeds with retention of the configuration of the ketovinyl group of 

the original § -chlorovinyl ketone. Obviously, the retention of configuration in ketovinylation reactions can be 
explained in the light of the mechanism previously proposed by one of us [1] for hasugen exchange in molecules 


of B-chiorovinyl ketones; this mechanism is expressed by the following scheme: 


The intermediate anion I, formed by the attack of the anion X‘, splits out a Cl’ ion with the formation of keto- 
_ vinylation product II in a manner such that the resulting II has the more favorable trans-configuration. 
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PREPARATION OF THE CYCLIC HEXAPEPTIDE CYCLOGLYCL- 
LEUCYLGLYCYLGLYCYLLEUCYLGLYCINE 


E. A. Morozova and S. M. Zhenodarova 
M. V. Lomonosov Moscow State University 


(Presented by Academician A. N. Nesmeyanov, November 24, 1958) 


In recent years there has been a rapid increase in the number of biologically active substances having 
cyclic polypeptide structures: antibiotics (gramicidin C [1] andI [2], tyrocidine A [3] and B [4] and others), 
substances with hormone activity (oxytocin, vasopressin [5], etc. With an increase in the information on na- 
tural cyclic peptides, the necessity for more general methods of synthesizing them has increased. Thus far, 


a series of synthetic cyclic peptides has been prepared, and the synthesis of some natural cyclic peptides has 
been accomplished [1, 5]. 


In the present work, the hexapeptide glyclleucylglycylglycylleucylglycine was prepared, and its cycliza- 
tion was accomplished by two methods. 


Wieland and co-workers[12] proposed the use of dicyclohexylcarbodiimide for the cyclization of peptides. 
It seemed to us to be of interest to use another condensing agent, ethoxyacetylene, for the cyclization. The 


formation of a peptide bond in the presence of a can proceed in a medium of =F acetate, 
nitromethane, or methyl alcohol [13]. 


We have found that the hexapeptide glycylleucylglycylglycylleucylglycine in the presence of ethoxyacety- 
lene in dilute methanol solution forms a substance to which, on the basis of a study of its properties, we ascribed 
the structure of a cyclic hexapeptide. The substance did not give a ninhydrin reaction, did not dissolve ina 2N 
solution of NaOH or HCl, did not migrate in an electric field, and was chromatographically homogeneous. The 
electrophorogram of the partial hydrolyzate prepared by treatment of the cyclic peptide with 1/ 15 N LiOH, 
showed that the original hexapeptide was present in the hydrolyzate. The molecular weight, from isothermal 
distillation[9], was 442 (calculated for the monohydrate, 472). According to elemental analysis, the cyclic 
hexapeptide contained one molecule of water of crystallization; it decomposed when heated above 320°. The 
yield of cycloglycylleucylglycylglycylleucylglycine was 11.2% of theoretical. 


The cycloglycylleucylglycylglycylleucylglycine was also prepared by themethod of Wieland [12] in a 
yield of 47% of theoretical. The properties of the substances prepared by the two methods were identical. A 
mixture of the two compounds showed no depression of the melting point. A further study of the conditions for 
cyclization in the presence of ethoxyacetylene would probably increase the yield of cyclic peptide. The ab~ 
sence of difficultly separable by-products when the cyclization is carried out with ethoxyacetylene constitutes, 
in our opinion, an advantage for this method over the carbodiimide method. 


Cyclization of two other hexapeptides was also carried out; glycylphenylalanylglycylglycylphenylalanyl- 
glycine and glycyl-¢ -N-tosyllysylglycylglycyl-e -N-tosyllysylglycine, and the corresponding cyclic peptides 
were isolated. A detailed consideration of this work will be published later, 
EXPERIMENTAL 


The methyl ester of carbobenzoxy(cbz)glycylleucylglycine was prepared from 6.4 g of cbz-glycylleucine 
{14] and 3 g of the methyl ester of glycine hydrochloride in 90 ml of anhydrous chloroform and in the presence 
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of 6.6 ml of triethylamine and 2.3 ml of ethyl chlorocarbonate. The usual treatment of the reaction mixture 
gave a substance which was crystallizable from a mixture of ethyl acetate and petroleum ether. 6.6 g (83.9%) 
of the methyl ester of cbz-glyclleucylglycine was obtained. M. p. 105-106°, 


Found %: N10.26CysH,OgNs. Calculated %; N 10.69 


Cbz-glycylleucylglycine. 3 g of the methy! ester of cbz-glycylleucylglycine was dissolved in 15 ml of 
ethyl alcohol. 9.1 ml of 1 N NaOH was added to the solution, The solution was allowed to stand for 20 minutes 
at ~20°, and was then filtered and acidified (congo indicator) with 2N HCl. When the solution was diluted with 
water, a yellow oil separated and crystallized on prolonged standing 2,16 g (75%)of cbz-glycylleucylglycine was 


obtained, M. p. 136-137", 


Found equiv. 398; calculated equiv. 379. 
Found N 10.87 CygH,,OgNs. Calculated N 11.08. 


Methyl ester of glycylleucylglycine hydrochloride. 3.3 g of the methyl ester of cbz-glyclleucylglycine 
was dissolved in a mixture of 100 ml of ethyl alcohol and 8.4 ml of 1N HCl. Palladium catalyst (~0.1 g) was 
added to the solution and hydrogen was passed into the mixture, with agitation, for a period of 24 hours. After 
the evolution of CO, had ceased, the solution was filtered from the catalyst and evaporated to dryness under 
vacuum. The residue was treated several times with dry ethyl alcohol and acetone. The hydrochloride was then 
crystallized from anhydrous ether. 2.4 g (96.7%) of the methyl ester of glycylleucylglycine hydrochloride was 


obtained. The substance was very hygroscopic and crumbled in air; it was chromatographically homogeneous: 
RF = 0.52 (butanol: water:acetic acid = 4:5:1). 


Methyl ester of cbz-glycylleucylglycylglycylleucylglycine. The methyl ester of the cbz hexapeptide was 
prepared from 4.9 g of cbz-glycylleucylglycine and 3.95 g of the methyl ester of glycylleucylglycine hydrochlo- 
ride in anhydrous chloroform and in the presence of 3.9 ml of triethylamine and 1.5 ml of ethyl chlorocarbonate. 
The usual treatment of the reaction mixture gave an oil which was crystallizable from a mixture of ethyl acetate 
and petroleum ether. 5.3 g (66%) of the methyl ester of cbz-glycylleucylglycylglycylleucylglycine was obtained. 
M. p. 198-200° (with decomposition). Reprecipitation of the material by water from methanol gave a substance 
with an m. p. of 206-208° (with decomposition). 


" Found %: C 56.53; H 7.15; N 13.39; 13.41 CygHOgNg. Calculated %; C 56.12; H 7.09; N 13.54. 


Cbz-glycylleucylglycylglycylleucylglycine. 1.24 g of the methyl ester of the cbz hexapeptide was dis- 
solved in a mixture of 10 ml of methyl alcohol and 2.8 ml of 1 N NaOH. After 1.5 hours, the solution was di- 
luted with water,filtered, and made acid to congo indicator. The oil which separated crystallized on standing. 
0.88 g (72.7%) was obtained. M. p. 176-178° (with decomposition). 


Found equiv. 593; calculated equiv. 606, 
Found %; N 13.60; 13.70 CogHgO Ng. Calculated %; N 13.86. 


Glycylleucylglycylglycylleucylglycine, 1g of the cbz hexapeptide was dissolved in a mixture of 50 ml 
of methyl alcohol, 0.15 ml of glacial acetic acid, and 0.25 ml of water; a small amount. (~0.1 g) of palladium 
black was added to the solution, and hydrogen was passed through the mixture, with agitation, for a period of 
12 hours. A precipitate of glycylleucylglycylglycylleucylglycine gradually formed during this treatment. After 
the evolution of CO, had ceased, 50 ml of hot water was added to the suspension, and the resulting solution was 
filtered from the catalyst and evaporated under vacuum, The residue was treated with anhydrous ethyl alcohol, 
acetone, toluene, and petroleum ether. 0.7 g (89.7%) of glycylleucylglycylglycylleucylglycine was obtained, 
The hexapeptice was reprecipitated by acetone from a small amount of water. M. p. 210° (with decomposition). 
The substance was chromatographically homogeneous; R¢ = 0.67 (butanol;watersacetic acid =4:5:1). 


Found % C 47.42; 47.25; H 8.17: 8.16; N 16.32 CygHygO;Ng-2H,O. Calculated %; C 47.20 H 7.87; N 16.53. 


Cycloglycylleucylglycylglycylleucylglycine A. 500 mg of the hexapeptide was dissolved in 500 ml of 
methyl alcohol by stirring and heating. The solution was cooled to ~20°, and 1.75 ml of ethoxyacetylene (15) 
was added. The reaction mixture was allowed to stand at room temperature for a week, and was then heated for 
3 hours, with stirring, to 40-45°, The alcohol solution was evaporated to a small volume under vacuum, 15 ml 
of water was then added. The white, crystalline precipitate, which formed on standing, was separated and re- 
TR = rate of flow. 


182 


: 
| | 
i 
a 
4 
ay 
; 


crystallized fron hot water, 52 mg of material was obtained; it decomposed when heated above 320°, and did 
not dissolve in 2 N solutions of HCl or NaOH nor in the majority of organic solvents; a ninhydrin reaction was 
negative. A study of this substance by paper electrophoresis and chromatography showed that it was electrically 
neutral and chromatographically homogeneous. R¢= 0.89 in the system 1 N butanol;water;acetic acid = 4;5:1. 
Development of the chromatogram and electrophorogram was with benzidine according to our modification of 
the method of Reindell and Hoppe [16]. The yield of cycloglycylleucylglycylglycylleucylglycine was 11.2%, 


Found %; C 50.53; 50.56; H 7.87; 7.85; N 17.56; 17.61 CogHs,OgNg-H,O. Calculated %; C 50.84; H 7.62; . 
N 17.79, 


Determination of molecular weight. The molecular weight of the cyclic peptide was determined isotherm- 
ally [9}. Anhydrous formic acid was used as the solvent, while leucylglycyl anhydride served as the standard. 


Found: M = 442 CypHyOgNg:H,O. Calculated: M = 472. 


Partial hydrolysis [8]. 5 mg of the cyclic peptide was refluxed for 20 minutes with 0.5 ml of 1/ 15 N LiOH. 
Investigation of the hydrolyzate by paper electrophoresis showed that the predominant component was the original 
hexapeptide together with a small amount of shorter peptides. With an increase in the hydrolysis time to one hour, 
the amount of shorter peptides and also of glycine and leucine in the liydrolyzate increased. 


B. Cyclization of glycylleucylglycylglycylleucylglycine in the presence of dicyclohexylcarbodiimide. 500 
mg of the hexapeptide was dissolved in a mixture of 100 ml of water and 400 ml of methyl alcohol. The solution 
was cooled to -3°, 2 g of dicyclohexylcarbodiimide was added, and the reaction mixture was allowed to stand for 
3 days at -3° and then for 3 days at about 20°. The methanol was then evaporated under vacuum, the excess di- 
cyclohexylcarbodiimide was converted to dicyclohexylurea by the addition of 5 ml of glacial acetic acid, the di- 
cyclohexylurea was filtered, and the acidic aqueous solution was evaporated to ~20 ml. The solution was allow- 
ed to stand, and a white, crystalline precipitate formed, which was separated and recrystallized from hot water. 
This substance was found to have properties identical to those of the cyclic hexapeptide described above. A mix- 
ture of the two materials showed no depression of the melting point. 190 mg (47%) of cycloglycylleucylglycyl- 
glycylleucylglycine was obtained. 
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_ SYNTHESIS OF 2,8-DIARYL-1,9-DIAZADEHY DROQUINOLIZINIUM 
SALTS 


Academician A. N. Nesmeyanov and M. I. Rybinskaya 


Institute of Heteroorganic Compounds, Academy of Sciences USSR 


In our recently published papers, the use of 8 -chlorovinyl ketones and their derivatives (acetals of acyl- 
acetaldehydes) for the synthesis of substituted dehydroquinolizinium salts [1] and 1-azadehydroquinolizinium 
salts [2, 3] was reported, In the present work, we investigated the possible preparation of a new aromatic hetero- 
cyclic system, the 1,9-diazadehydroquinolizinium (pyrimido-(1,2a)-pyrimidinium) cation by the interaction of 


2-aminopyrimidines with 6 -chlorovinyl ketones. 
N 


It was found that the condensation of aryl-8 -chlorovinyl ketones with 4-aryl-2-aminopyrimidines under the 
influence of 70% perchloric acid in methyl alcohol medium results in the formation of 2,8-diaryl-1,9-diazade- 


hydroquinolizinium salts, 
Ari 3 
Ar NH, 


We were unable to prepare, under these conditions, unsubstituted salts, monosubstituted salts, and salts with two 
alkyl substituent or with an alkyl and an aryl substituent on different rings. 


The original 4-aryl-2-aminopyrimidines were prepared from aryl-8 -chlorovinyl ketones and guanidine by 
the method of A. P. Skoldinov [4]. 


The 1,9-diazadehydroquinolizinium cation is a condensed aromatic system consisting of two pyrimidine 
rings with one common ammonium nitrogen atom. This structure was proyed by decomposition of the 2-phenyl- 
8-(p-nitrophenyl)-1,9-diazadehydroquinolizinium cation under the influence of 40% NaOH, which resulted in the 
formation of a mixture of 4-phenyl-2-amino- and 4-(p-nitrophenyl/*2-aminopyrimidines; these compounds were 
identical with known samples [5]. 


ClO, Hy 


ON ON Hy—NO,-p Hy 
Y 40% NaOH 
+ 
+ 


When the reactants contain different aromatic radicals, the interaction of aryl-§ -vinyl ketones with 4- 
aryl-2-aminopyrimidines would be expected to form quaternary 1,9-diazadehydroquinolizinium salts; 


1 by 


We were never able to isolate more than on 1,9-diazadehydroquinolizinium salt (A). The following route was 
selected to prove the positions of the substituents. Under the influence of HClO,, 4-phenyl-2-aminopyrimidine 
and p-nitrophenyl 8 -chlorovinyl ketone, on the one hand, and 4-(p-nitrophenyl)-2-aminopyrimidine and phenyl 
6 -chlorovinyl ketone, on the other, gave the same phenyl-p-nitrophenyl-1,9-diazadehydroquinolizinium salt; 
this was confirmed by the agreement of the decomposition temperatures and infrared spectra of the compounds 
formed. The infrared spectra were obtained with a double-beam spectrometer in the optical laboratory of the 
institute. Treatment of the spectra (subtraction of the absorption of the vaseline oil and reduction to a uniform 


scale) was carried out by the authors. Consequently, (As) and (A,4) drop out of consideration, since different salts 
would have been obtained. 


CHC) 


sH,NO, 


Selection between (A,) and (A,) was next required. For the sake of simplicity, we chose the case where 
R= R= C.Hs. It was found that one ring was opened under the influence of 5% NaOH. In this reaction, (Aj) 
would be expected to yield the comnound (By), while (A,) would be expected to give only (B,), Indeed, accord- 
ing to analysis, the substance had a eee corresponding to the isomers (By) and Bs). 


=CHCH,COC,H, 
NaOH 
+ 


© 


On the other hand, condensation at 140-150° of the dimethyl acetal of benzoylacetaldehyde with 4-phenyl- 
2-aminopyrimidine gave a substance (C) (m. p. 111°), which was isomeric with (B) (m. p. 146°). In this conden- 
sation, three reaction products can conceivably be formed: (C, = By), (C2) and (Cs). 


Hy ==CHCH,COC,Hs 
+ 2 
© 


When (C) was acted upon by 70% HC1O,, perchlorate (A) was again formed (agreement of decomposition 
temperature and i. r. spectra). In this case, formula (C3) can be rejected, 


HCIO, 
won, 

H==CHCOCsH; 

(cy 


HC, ClO, 


Hs 


since it must yield on ring closure the previously rejected (A3) = A,). A substance of the structure (Cy) would 


yield either (As) = (Aq) or (Al). 
Hy 
Coty Co, C108 


HC10, 
- 
Clog fA) 


As before, (A) = (Aq) is rejected, but when the ring is opened, (A,), as shown previously, must yield a substance 
(By) which is identical with (Cy). Actually, (B) and (C) are isomers. Consequently, the formula (C;) is also re- 
jected. The formula (C,) satisfies all of the requirements mentioned above. On cyclization, (C,) can form the 
salt (A,). 


GH=CHCOCH, 
H 
HC10, 
ca, cio; 


Thus, the structure of 2,8-diaryl-1,9-diazadehydroquinolizinium perchlorates can be assigned to the salts 
formed by the condensation of 4-aryl-2-aminopyrimidines with aryl 6 -chloroviny] ketones. 


The presented proofs of the positions of the substituents are correct for the general case, if it is correct to 
make the tacitly assumed and, indeed, extremely probable presumption that the condensation of different aryl 
6 -chlorovinyl ketones and 4-aryl-2-aminopyrimidines proceeds in the same manner. The product formed by 
ring opening in the case where R' = R? has, obviously, the structure (B,), while the product of the condensation 
of 4-phenyl-2-aminopyrimidine with the dimethyl acetal of benzoylacetaldehyde has the structure (C,). 


It may be mentioned that an attempt to prepare 2,8-diaryl-1,9-diazadehydroquinolizinium salts in which 
R' = R? from aryl 8 -chlorovinyl ketones and guanidine in a single step was unsuccessful under these conditions. 


EXPERIMENTAL 


Synthesis of 2,8-diaryl-1,9-diazadehydroquinolizinium perchlorates, 7-8 ml! of 70% HC10, was added to 
0.01 mole of 4-aryl-2-aminopyrimidineand 0.015 mole of aryi 8-chlorovinyl ketone in 10-15 ml of absolute meth- 
anol, The reaction was exothermic. A precipitate formed over a 30-minute period. In the case of 2-phenyl-8- 
(p-nitrophenyl)-1,9-diazadehydroquinolizinium perchlorate, it was necessary to reflux the mixture for 15-20 min- 
utes immediately after the reagents were mixed. The 2,8-diaryl-1,9-diazadehydroquinolizinium perchlorates 
were difficultly soluble even in water and alcohols. They were colorless or yellow plates; they changed on re- 
peated recrystallization. All of the salts were recrystallized from a large amount of absolute methanol contain- 


ing a drop of HClO,. The samples were heated slowly during determinations of decomposition temperatures (see 
Table 1). 


Decomposition of 2-phenyl-8-(p-nitrophenyl)-1,9-diazadehydroquinolizinium perchlorate under the in- 
fluence of concentrated sodium hydroxide. 0.45 g of 2-phenyl-8-(p-nitrophenyl)-1,9-diazadehydroquinolizinium 
perchlorate was agitated for a day with 50 ml of 40% NaOH and 60 ml of benzene. The benzene layer was treat- 
ed with 5% HCl. The solution was filtered and treated with a base. The resulting flocculent precipitate was re- 
crystallized from alcohol. The resulting crystals were a mixture of 2-amino-4-phenyl- and 2-amino-(4-p-nitro - 
phenyl)pyrimidines. The mixture was dissolved in benzene and resolved with Al,O3. Mixtures of the resulting 
pyrimidines with known samples showed no depression of the melting point. The 2-amino-4-phenylpyrimidine 
had an m. p. of 165°. Literature data [5]; m. p. 165°; 2- amino-4-(p-nitrophenyl)pyrimidine, m. p. 175° (prep- 
ated by the method of reference [4]). 


Ring cleavage in 2,8-diphenyl-1,9-diazadehydroquinolizinium perchlorate under the influence of 5% so- 
dium hydroxide. A mixture of 0.81 g of the perchlorate, 100 ml of benzene, and 150 ml of 5% NaOH was agi- 
tated for three days (to the disappearance of the solid material). The benzene layer was washed with water, 


. 
4 
ee 
” 


dried over Na,SO,, and evaporated. The residue consisted of 0.57 g (90.4% of theoretical) of B,), m. p. 134° 
before recrystallization), m. p. 146°(from acetone), 


Found %; C 75.54; 75.53; H 5.03; 5.00 CygHy,ON3. Calculated %: C 75.73; H 5.18, 
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Fig. 1. I. r. spectra of powders of 2,8-diaryl-1,9- 
diazadehydroquinolizinium perchlorates ih vaseline 
oil. No absorption bands were found in the region 
of 1800-3000 cm™: a) 2-8-diphenyl; b) 2-phenyl- 
8-(0-bromophenyl); c) 2-phenyl-8-(p-bromophen- 
yl); d) 2-phenyl-8-(p-nitrophenyl). 


TABLE 1 


2,8-Diaryl-1,9-diazadehydroquinolizinium Perchlorates 


Analytical data (% 
N Hal 


Decomp, 
temp, 


(°C) calc, calc. | found | calc, | found 


CsHs  |317—320] 49, 59,46 
|246—249) 61, 49,32 
p-BrCgH, |301—303 49 ,32 
Hs|p-NO2CeH,4|312—314 53,21 


Condensation of 4-phenyl-2-aminopyrimidine with the dimethyl acetal of benzoylacetaldehyde. A mix- 
ture of 3 g of 4-phenyl-2-aminopyrimidine and 5.43 g of the dimethyl acetal of benzoylacetaldehyde was heat- 
ed in a sealed tube at 140-150° for 5 hours. The contents of the tube were carefully removed. M. p. 111° (from 
acetone); the yield of (C,) was 3.8 g (73% of theoretical), A mixture with a sample of (B,) melted at 95-96°, 


Found %: C 75.52; 75.57; H 5.03; 5.03 ‘CygHysON 3. Calculated %: C 75,53; H 5.18, 


| 
a 
2 
9 . 
a : 
Al | 
| 
ete 
3,60 | 3,69 9,55 | 9,25 
21C, 2,92 | 2,83 | 9,014 | 9,08 
3] Ce 2,92 | 2,83 24,59 |24,93 
4/\G 3,26 | 3,05 8,23 | 8,26 
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The action of 70% perchloric acid on (C,) gave 2,8-diphenyl-1,9-diazadehydroquinolizinium perchlorate, 
m. p. 317-319°. 
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ON THE POSSIBILITY OF PROLONGED GFERATION OF PLATINUM- 
PALLADIUM CATALYST (1:3) 


Academician AN KazSSx D. V. Sokol'skii and M. S. 


Erzhanova 


Institute of Chemical Sciences, Academy of Sciences KazSSR 


Maxted and co-workers [1-4] showed that it is possible to prolong the synthesis cycle of platinum catalysts 
by using conditions under which molecules of catalyst poison are removed from the catalyst surface. Thus, for 
example, if the poisoning is carried out at room temperature using a comparatively stable arsenic derivative 
(dimethyl-phenylarsine), the activity of the catalyst can be completely restored by washing the catalyst with a 
solution of an unsaturated compound. However, the extent of the possible restoration of the initial activity is 
lessened if the catalyst is heated above 100°. 


G. P. Khomchenko and G. D. Vovchenko [5] showed that the poison can be removed electrochemically 
from the surface of platinized platinum poisoned with elemental arsenic. Anodic polarization of the poisoned 
surface resulted in a capacity which differed by 39% from the original; however, only 15% of the arsenic was 
desorbed by this treatment. It is possible that in this case there was penetration of elemental arsenic into the 


platinum lattice. T. Kalish and R. Burshtein [6] showed that significant amounts of oxygen penetrate into a 
platinum electrode. 


Our experiments showed that it is possible to prolong the operating cycle of platinum-palladium catalyst 
(1:3) by appropriate treatment. 


Using the data of P. P. Tverdovskii and A. Stetsenko [7], we prepared a homogeneous catalyst in which 
the weight ratio of Pd: Pt was 3:1. 


The platinum-palladium catalyst was prepared as follows: a platinum-palladium alloy was deposited elec- 
troche mically on a very thin platinum sheet having an apparent surface of 50 sq. cm.; the alloy was deposited 
from a solution consisting of a mixture of PdCl, and PtCl, in a ratio corresponding to Pd:Pt = 3:1. Prior to the 
deposition of the alloy, the platinum sheet was carefully cleaned by repeated washing with aqua regia (1:5)heat- 
ed to 70°, anodic polarization for 1 hour at a current of 0.5 amp., and then cathodic polarization for 1 hour at 
acurrent of 0.5 amp., and finally washing with doubly distilled water. The deposition was carried out ata 
current density of 1.44-10~ amp./sq. cm., i. e., a current of 0.72 amp., until a homogeneous velvet-black de- 
posit was obtained. The resulting electrode -catalyst was carefully washed with doubly distilled water, subjected 
to cathodic polarization for 1 hr at a current of 0.5 amp., again washed, and dried in air. 


The weight of the deposit was determined from the difference in the weights of the electrode before and 


after the deposition. The properties of the electrode -catalyst were studied by a combination of electrochemical 
methods and measurement of reaction kinetics. 


The first part of the work was carried out using an apparatus with a rotating electrode; its construction was 
patterned after the type first described in a paper by A. I. Shlygin and A. N. Frumkin (8). Before and after a se- 
ries of experiments, this apparatus was used to determine the charging curves, by means of which the true surface 
of the electrode was determined, and to study the hydrogenation kinetics at a stirring rate of 270 rpm. A large 
number of experiments on the hydrogenation of various unsaturated compounds were carried out with the same 
catalyst, which maintained constant activity over a prolonged period of time. 


In Figure 1 are presented the charging curves for the electrode; these curves were determined before start- 
ing a series of experiments and after 77 experiments. As may be seen in Figure 1, the characteristics of the elec- 
trode were practically unchinged. The form of the charging curve was closer to that for Pd than Pt. This is quite 


40 80 200 240 min 


Fig. 1. Charging curves for platinum-palladium alloy (1:3) in 0.1 N H,SO,. a) 
before the start of a series of experiments; b) after 77 experiments. 


regular, since the amount of platinum in the alloy was small. However, it should be noted that the charging 
curve for the platinum-palladium alloy did differ appreciably from the charging curve for palladium catalyst by 
the disappearance of the horizontal portion characteristic of palladium catalyst; it isin this portion of the curve 
that the @ = 8-transformation takes place. This indicates that the evolution of dissolved hydrogen becomes 
homogeneous asthe alloy becomes more uniform. 
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Fig. 2. Kinetic curves for the hydrogenation 
of cyclohexene in 0.1 N H,SOy, in 50° alcohol. 
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The surface of the electrode with a 0.074 g deposit was S,,,, = 13,513 cm’, as calculated from the charg- 
ing curve. When the electrode was carefully washed with doubly distilled water and with alcohol and was anod- 
ically polarized from time to time, the platinum-palladium catalyst maintained its activity for a prolonged peri- 
od. In Figure 2 are presented kinetic curves for the hydrogenation of cyclohexene in 0.1 N H,SO, in 50° alcohol; 
the curves were obtained ac a temperature of 25° using the same electrode, No. 1. Since the activity of freshly 
deposited catalyst is higher than in succeeding experiments, we present the kinetic curves for Experiments 7 and 
33 (i. e., experiments separated by 26 experiments), As may be seen in Figure 2, the activity of the electrode 
was practically unchanged. However, it should be pointed out that the platinum-palladium alloy (1:3) catalyst 
was more stable in acid medium; it lost activity after a small number of experiments in an alkaline medium, 


About 100 experiments were carried out with Electrode No. 2 in an acid medium, and the activity of the 


electrode -catalyst remained constant. After a succeeding 15 experiments in an alkaline medium, the activity 
had sharply decreased. 
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-NITRATION OF ISOPENTANE IN THE PRESENCE OF CARBON 
TETRACHLORIDE 


Academician A. V. Topchiev, V. P. Alaniya and L. I. 


Poltavtseva 


The nitration of paraffinic hydrocarbons in the presence of activators such as halide has occupied a number 
of investigators. 


Bachman and co-workers[1] carried out the vapor-phase nitration of propane in the presence of halogen ac- 
tivators, and they found that the addition of bromine to the reaction mixture (in the nitration of propane with ni- 
tric acid) effectively influenced the conversion and the yield of nitroparaffins. A. V. Topchiev and V. P. Alaniya 
[2] reported that chlorine has an activating effect on the nitration of methane. In more recent work, Bachman 
andco-workers[3] studied the effect of chlorine on the rate and yields of nitration in the vapor phase. 


to gas meter 


Fig. 1. Apparatus for the nitration of isopentane. 


The aim of the present work was to investigate the effect of chlorine, which can be introduced into the 
reaction zone as carbon tetrachloride, on the nitration of isopentane with nitric acid. Although there are no in- 
dications in the published literature that paraffinic hydrocarbons have been nitrated in the presence of halogen- 
ated paraffins, we assume that such an investigation is of interest. 


The vapor-phase nitration of isopentane with 67% nitric acid at an isopentane -to-nitric acid ratio of 1.5:1 
was investigated first; the quartz reactor, which had a diameter of 20 mm and a length of 800 mn, was !ocated 
in an electric furnace (Figure 1); the reaction was investigated over the temperature interval or 175-325° in or- 
der to determine the optimum reaction temperature. The liquid products were washed to a neutral reaction, 
dried, and distilled into three fractions: 1(up to 30°) - unreacted isopentane; II (30-95° - oxidation products; 
Ill (above 95°). 
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The fraction boiling above 95° was futher resolved by fractionation at an absolute pressure of 50 mm. The 
refractive index, density, molecular weight, qualitative reaction for the NO, group, and Dumas nitrogen were de- 
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Fig. 2. Variation in the yield 
of the >95° fraction (nitroparaf- 


fins ) (1) and of the 30-95° frac- 
tion (2) with temperature. 
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Fig. 3. Variation in the yield of individ- 
ual nitroparaffin fractions with reaction 
temperature. 1) Nitromethane; 2) nitro- 
ethane; 3) nitropropane; 4) nitrobutanes; 
5)nitropentanes. 


termined for each fraction. The analytical results showed 
that the mixture of nitroparaffins contained a considerable 
amount of nitromethane, nitroethane, nitropropanes, nitro- 
butanes, and nitropentanes, chiefly secondary and tertiary, 
The results of the investigation of the nitration of isopentane 
are presented in Figures 2 and 3, As is shown in Figure 2, 
the maximum yield of nitroparaffin fractions occurred at 
a temperature of 300° and comprised 48.5% based on the 
isopentane reacted. The yield of the 30-45° fraction was 
21% at this temperature. From a consideration of Figure 
3, it is seen that in the temperature interval investigated, 
175-325°, the yield of nitromethane, nitropropane, and 
nitrobutane fractions were low and passed through a max- 
imum at 300°. The best yield of nitropentanes, 17% 
(based on isopentane reacted), occurred at a temperature 
of 300°. With an increase in the temperature from 175 
to 325°, the yield of nitroethane dropped from 3.1 to 0.3%, 
The reaction in the presence of carbon tetrachloride was 
carried out at the temperature found to be optimum un- 
der the conditions studied, 300°; the amount of carbon 
tetrachloride was varied from 2 to 15% of the isopentane 

: fed. The liquid products were subjected to the treatment, 
separation and analyses described above. 


The investigation showed that the presence of 
2% of CCl, had no effect on the course of the reaction or 
on the yield of nitroparaffins. CCl, did have an effect 
when added in an amount of 10% of the isopentane fed. 
In this case, the over-all yield of nitroparaffins increased 
to 60%, which compares to 48% for the reaction without 
the addition of CCl,. Simultaneously, the yield of ni- 
troparaffins with lower molecular weights than the orig- 
inal hydrocarbon increased. An effect of CCl, obviously 
is to increase cracking of the hydrocarbon. 
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ON THE DOUBLE SILICIDE OF SODIUM IN MODIFIED ALUMINUM 


-SILICON ALLOYS OF THE SILUMIN TYPE 


E. A. Boom 
V. L. Komarov Far-Easterm Affiliate, Academy of Sciences USSR 


(Presented by Academician I. P. Bardin, May 15, 1959) 


It is well known that commercial aluminum-silicon alloys with increased silicon contents (from 9 to 13% 
silicon) undergo modification. This operation consists of the introduction of sodium, either directly or as its salt, 
into the liquid alloy. With proper dosage of sodium, the structure of the alloy is changed, and its properties are 
improved to a considerable extent. These changes in the structure and properties of the alloy have not as yet 
teceived sufficient study, and they continue to serve as thesubject of many investigations. 


The author of the present article took note of the formation in these alloys of the double silicide of sodium, 


and he studied its development in the structure of the alloys. In the present article is presented a brief report of 
the first part of this work. 


If an aluminum-silicon alloy containing an increased amount of sodium is dropped into a beaker of water, 
the separatioi.of bubbles from the surface of the sample may be observed; these bubbles, rising to the surface of 
the water, flash with a yellow flame, and a brown deposit remains on the walls of the beaker after each flash. 


The following experiments were carried out in order to obtain a sufficient amount of the brown substance. 
An hypereutectic aluminum-silicon alloy with a calculated silicon content of 16-17% was prepared in a corundum 
crucible of the usual type. The purity of the aluminum was 99.9%. After complete solution of the silicon, the al- 
loy was cooled to a temperature of 700-710°, and pieces of metallic sodium wrapped in aluminum foil were intro- 
duced into the alloy (1-1.5%). A deposit immediately formed on the bottom of the crucible, and this deposit was 
consolidated with a porcelain rod. The alloy was then cooled and removed from the crucible, The lower part 
of the casting (the deposit) was easily separated. It was a black, friable mass. When this part of the ingot was 
brought into contact with water, a gas was evolved which spontaneously burst into flame on contact with the air. 
The method used for evolution of the gas was the following. 


Pieces of the deposit described above were placed in a glass U-tube. One end of the tube was joined to an 
effluent tube, which was submerged in a beaker of water. Small amounts of water were introduced by means of 
a dropper into the other end of the U-tube. As soon as the droplets of water contacted the pieces of alloy, a gas 
was liberated; this gas passed through theeffluent tube into the beaker of water, and, rising to the surface, ignited 
with a yellow flame. The resulting red-brown solid deposited on the walls of the vessel and on the surface of the 
water. This deposit was collected and analyzed by chemical and spectroscopic means. It was found to contain 
93.7% SiOz, The yellow-brown color was apparently due to the presence of silicon monoxide, SiO. This color 
disappeared and the powder became white when it was calcined in air. When combustion of the gas occurred in- 
side the U-tube, there was a rather violent explosion. These experiments showed that a silicon hydride -silane - 
was formed by the interaction of water and the aluminum-silicon alloy with an increased sodium content. 


It is known that of all the silicon hydrides of the homologous series Si,H2,,2, the tetrahydride SiH, is air 
hypergolic. Consequently, there is reason to propose that the following reaction proceeded: SiH, + 20, -» SiO, 


+ H,O. 


It should be pointed out that a sharp, acrid odor was present during the treatment of the alloy with water. 
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The formation of, silicon hydride (silane) was previously observed during the treatment of the modified 
[2] and unmodified [1] alloys with hydrochloric acid. In order to explain this phenomenon, Klyachko assumed 
the existence of an aluminum silicide of variable composition which chemically reacted with acids (hydrochlo- 
ric and sulfuric) according to:(Al — Si + HCl - SiH,+ AlCl), However, since these experiments, the existence 
of aluminum silicide has not been confirmed, and there is no basis for assuming the formation of this compound, 
since the formation of silane is the consequence of the action of water or an acid on sodium silicide.~ It is known — 
from the literature that the question of the chemical interaction between sodium and silicon has long remained 
an open one. More than once attempts have been made to solve this problem, but they ended unsuccessfully [3- 
6}. Only in 1947 were Nowotny and Scheil [7] able to prepare sodium silicide by the reduction of silica with 
metallic sodium at a temperature of 900°. According to their data, this compound corresponded to the formula 


NaSi,, and it crystallized with a tetragonal lattice. The silicide completely decomposed in water and solutions 
of HCl with the formation of silane. 


In 1948, Hohmann [8]. by directly alloying sodium and silicon under the appropriate conditions, obtained 
a sodium silicide of the composition NaSi; the compound was obtained as long, lustrous needles, and was iden- 
tified by means of its Debye pattern. 


The formation of the same alloy in Klyachko's experiments with unmodified alloys can probably be explained 
by the accidental presence of sodium in the aluminum, the purity of which was only 99.7%. The presence of so- 
dium silicide in modified alluminum-silicon alloys is in agreement with the views developed by the author of 
the present article regarding the formation of a ternary alloy in the system Na — Al —Si. In our opinion, the phe- 
nomenon of “remodification” is caused by the formation of the double sodium silicide. This circumstance also 
explains other facts connected with the increased content of sodium in the alloy, for example, the decreased 
corrosion stability of the alloy, its tendency toward the formation of flaws, the change in the microstructure, etc, 


Investigations of the preparation of sodium silicide by the interaction of aluminum-silicon alloys with so- 

dium served as a basis for the issuance of a patent to the author of the present article [9]. 
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CONTINOUS METALLIDE SOLID SOLUTIONS IN THE TIORNARY 
SYSTEM Co-Ni-B 


I. I. Kornilov and P. T. Kolomytsev 
N. E. Zhukov Air Force, Engineering Academy 
(Presented by Academician I. 1. Chernyaev, December 27, 1958) 


In the investigations of one of the authors [1, 2], of the present article, the basic conditions were formu- 
lated for isomorphism of metallic compounds forming continuous solid solutions. These conditions are: 1) a 
single type of crystal lattice; 2) atomic similarity of the components taking part in the formation of the com- 
pounds; 3) a uniform type of chemical bond; 4) the presence of the same element in the compounds; 5) the 
same stoichiometric composition of the compounds; and 6) the formation of a continuous series of solid solu- 


tions between the metals forming the compounds. Continuous series of solid solutions between metallic com- 
pounds have been named metallides [2]. 


On the basis of these considerations, G. V. Samsonov [3] undertook.a study of systems of diborides of the 
transition metals, which fulfill the conditions for continuous solid solutions. The existence of continuous solid 
solutions was established by G. V. Samsonov [3] and by other authors for several systems of diborides and mono- 
borides and by Hagg and Kiessling [4] for the systems Fe,B — Mn,B, Co,B — Mn,B, and Co,B — Fe,B. 


Other systems consisting of lower borides have not been experimentally investigated from the point of 
view of the formation of continuous series of solid solutions. 


During a study of the reaction of boron with nickel and with cobalt, it was noted that the conditions re- 
quired for the formation of continuous solid solutions between the lower borides Co3B and Ni;B and between the 
borides Co,B and Ni,B are fulfilled. 


In this connection, we carried out a study of the two metallide systems CoB — NisB and Co,B — Ni,B. In 
the preparation of the compounds we used amorphous boron, nickel obtained from the carbonyl, and powdered 
cobalt; the nickel contained (in per cent) 99.8 Ni, 0.18 C, 0.0006 Si, 0.0003 Al, 0.00025 Cu, and 0.001 Fe, 
while the cobalt contained ¢in per cent) 99.53 Co, 0.19 Ni, 0.08 Fe, 0.01 Cu, 0.08 O,, 0.02 C, 0.02 Si, and 
0.03 moisture. The boron was prepared by thermal dissociation of diborane. Hydrogen and oxygen were re~- 


moved from the boron powder by calcination at 1300-1400° at a pressure of 10 mm; after calcination, the 
boron powder contained not less than 99.8% B. 


The binary compounds Co3B, CoB, NisB, and Ni,B were prepared first. The powdered metals and boron 
were carefully mixed in the correct proportions, the mixtures were pressed, and the pressed samples were fused 
in an atmosphere of argon. After the fusion, the content of C in the alloys did not exceed 0.05%. Uniformity 
of the castings was verified by microscopic analysis. The castings were broken into small pieces, and these 


were used for the preparation of the binary alloys of the metallide systems, the compositions of which are pre- 
sented in Table 1, 


10-g samples of these alloys were melted in a TVV2 furnace in an atmosphere of pure argon. In order to 


ensure homogeneity, the castings were held at 1000° for 48 hours in an atmosphere of argon, and were then cool- 
ed in the furnace. 
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Fig. 1. X-ray patterns of alloys in the system CoB — NisB. a) Co3B; b) 50% CosB 
+ 50% Ni3B; c) Ni3B. 


Fig. 2. X-ray patterns of alloys in the system CoB — Ni,B. a) CoB; b) 50% CoB 
+ 50% Ni,B; c) Ni,B. 


Fig. 3. Microstructure of an alloy in Fig. 4. Microstructure of an alloy in 
the system Cd — NisB; composition the system Co,B Ni,B; composition 
30% CosB + 70% NisB. 50% + 50% Ni,B. 


The fused samples had a lustrous surface, and neither oxidized nor lost their metallic luster during thermal 


treatment. X-ray powder patterns were taken of all of the alloys after annealing to ensure homogeneity, and their 
microstructures were studied by microhardness measurements, 


A study of the powder patterns of all of these samples showed that the alloys in  [CosB —. NisB] are single— 
phase and have crystal lattices isomorphic with the lattices of pure Co3B and NisB, while alloys in the CoB — 


Ni,B system are also homogeneous and have tetragonal crystal lattices isomorphic with the lattices of Co,B and 
Ni,B. 


a 


Powder patterns for the borides Co,B and Ni;B and for a ternary alloy of this system are shown in Figure 1, 
while Figure 2 shows the powder patterns of the borides Co,B and Ni,B and of the 50-50 alloy. In both of the 
systems under consideration, starting with the pure cobalt boride and increasing the nickel content in the metal- 
lide solid solution resulted in a continuous decrease in the volume of the unit cell. 


The results of the microscopic analysis confirmed the conclusion that homogeneous structures were form- 
ed in both of the systems investigated. 


TABLE 1 


Compositions of Alloys in the Systems CoB — Ni;B and Co,B — Ni,B (in weight 
per cent) 


Alloy Alloy Alloy 
Cos | CoB | Cos | NisB 


10 90 60 40 11 20 80 
20 80 10 30 12 40 60 
30 70 80 20 13 50 50 
40 60 90 10 14 60 40 
50 50 15 80 20 


In Figure 3 is presented a photomicrograph of an alloy in the system CosB — Ni;B containing 30% CoB and 
70% Ni;B, and it may be pointed out that the imprints left by the diamond point during the microhardness meas- 
urements are clearly visible; Figure 4 shows the microstructure of an alloy in the CoB — Ni,B system containing 
50% Co,B and 50% Ni,B. It is apparent from these figures that the alloys had a homogeneous structure. Measure- 
ments of the microhardness of alloys in the system Co3B — Ni,B showed that the hardness of the continuous solid 
solutions of this system are practically independent of the composition of the alloys and comprise, at a 50-g 
load, 1145 kg/sq. mm, a value which also holds for the initial compounds, Co3B and Ni;B. This circumstance, 
in our opinion, is connected with the small difference in the atomic dimensions of nickel and cobalt and with 
the close similarity of other properties of these elements, both of which are in the same series in the periodic 
system. 


A similar dependence of microhardness on the composition of metallide solutions was established previous- 
ly for the systems Ni;Nb — NisTa, Ni,;Nb — Ni;Ti, and Ni,Ti — Ni;Ta [ 7, 8). 


This investigation of the system Co — Ni —B by x-ray and metallographic analyses established the existence 
of continuous metallide solid solutions between the lower borides Co3B and NisB and between Co,B and Ni,B. 
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SYNTHESIS OF 8-KETOMERCA PTALS 


K. Kochetkov, E. E. Nifant'evy and V. N. Kulakov 
(Presented by Academician A. N. Nesmeyanov, December 1, 1958) 


It was previously found in our laboratory that the interaction of 8 -chlorovinyl ketones with alcohols and 
glycols proceeds smoothly in alkaline medium to give good yields of various 6 -ketoacetals [1,2], which have 
recently found widespread use in organic synthesis. However, in a number of cases such usage of these acetals 
is made difficult by their extremely great tendency toward hydrolysis in acid medium; hydrolysis results in the 
formation of 8 -ketoaldehydes, which are practically incapable of existence and slowly undergo further changes. 


In this connection, we undertook the synthesis of the sulfur analogs of 8 -ketoacetals — 6 -ketomercaptals 


~ which should be more convenient to use, since it is well known that the mercaptal group is quite stable in 
acid media [3]. 


The literature contains a brief report [4] of the preparation of two mercaptals of benzoylacetaldehyde from 
hydroxymethyleneacetophenone and mercaptans in the presence of hydrogen chloride; however, the yields of the 
reaction products were not given. Synthesis of the starting hydroxymethyleneketones is difficult in a number of 


cases, since the formylation reaction is not unidirectionaland, in general, cannot be carried out; therefore, the 
above method has found no further use. 


We have developed a convenient, general method for the synthesis of 8 -ketomercaptals by ketovinylation 
of mercaptans (yields of 50-90%) 


SR’ 
R—co—cH = cnc p— co — — cH” 
K,CO, 


SR’ 


Ketovinylation of mercaptans proceeds very readily in an aqueous medium in the presence of potassium 
carbonate; the ease with which the reaction proceeds is connected with the highly nucleophilic nature of the 

mercaptide ion as compared to an alkoxyl ion. Just as in the case of alcohols and glycols [1, 2] and in distinc- 
tion to phenols [5] and thiophenols [6], the reaction does not stop with the replacement of the chlorine atom in 


the chlorovinyl ketone, but is completed only with the addition of a second molecule of the mercaptan at the 
double bond, which results in the formation of a mercaptal. 


This reaction is general; it can be carried out with, on the one hand, § -chlorovinyl ketones both with ali- 
phatic and aromatic radicals and, on the other hand, both with monofunctional and difunctional mercaptans. It 


is most expedient to use the readily available sulfur analog of ethylene glycol —1,2-ethanedithiol[7] the use of 
which leads to the preparation of the particularly stable cyclic ethylene mercaptals, 


The aliphatic 6 -ketomercaptals prepared by this method were stable, oily liquids, while their analogs 
with aromatic radicals were solid, readily crystallizable substances. 


TheB-ketomercaptals enter into reactions typical of derivatives of 8 -ketoaldehydes. Thus, for example, 
like their oxygen analogs, they are readily converted to naphthopyrylium salts by interaction with 6 -naphthol 
in the presence of ferric chloride. In addition, the mercaptal group exhibits it own characteristic peculiarities, 
and is smoothly removed by the action of skeletal nickel catalyst, the reaction resulting in the formation of the 
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corresponding ethyl ketone: 


CH, -- CO CH, —¢ | 
™~ 


CH3CO .-- CH, -- CH, 


These reactions are convincing proofs of the structures of the compounds obtained. 


6 -Ketomercaptals are readily oxidized to the corresponding disulfones by the action of perhydrol in gla- 
cial acetic acid by the method previously used in our laboratory for the oxidation of aryl 6 -ketovinyl sufides 
to unsaturated sulfones [8]. 


S — CH, SO, — 


R-- COCH.-- CH 
CH,COOH 

R = Cll, —; C,H; --; CaH, —- 


The resulting disulfones are distinguished by a very great tendency toward hydrolytic cleavage in alkaline 
medium; thus, when the disulfone is treated in the cold with a 15% ammonia solution, cleavage of the molecule 
proceeds smoothly, and an «-hydroxymethyl ketone and methylene ethylene disulfone are formed: 


SO, CH. SO, CH, 
NH,OH 
—— CH3CO-- CH.OH -+-CH, 

SO, ---CHs 


~ 


CHg CO --CH, —-Cl 


CH, 


This reaction could be particularly interesting for the preparation of various hydroxymethyl! ketones. 


EXPERIMENTAL 


Synthesis of the 8 -ketomercaptals. 0.1 mole of the 8 -chlorovinyl ketone, 12.2 g (0.13 mole) of 1,2- 
ethanedithiol [or 12.5 g (0.25 moie) of ethy! mercaptan], 20.5 g of potassium carbonate, and 35 ml of water 
were cooled with an ice-salt mixture and stirred in an atmosphere of nitrogen for 15 hours. 


6 -Ketomercaptals of the aliphatic series were extracted from the reaction mixture with ether, dried, and 
distilled under vacuum, The aromatic 6 -ketomercaptals, which precipitated as crystals, were filtered, washed 


repeatedly with water, and recrystallized from alcohol. The yields and constants of the compounds prepared are 
presented in Table 1. 


Desulfurization of acetylacetaldehyde ethylenemercaptal. 1 g of acetylacetaldehyde ethylenemercaptal 
and 15 g of W-5 skeletal nickel catalyst [9] in 25 ml of water were heated on a water bath for 2 hours; methyl 
ethyl ketone was steam distilled from the reaction mixture, extracted from the distillate with ether, and con- 
verted to the semicarbazone. The yield was 0.2 g (45%), m. p. 146-147.5°. 


Literature data [10]: m. p. 147-148". 


Interaction of acetylacetaldehyde ethylenemercaptal with 6-naphthol. 1 g of acetylacetaldehyde ethyl- 
enemercaptal was mixed with 1.6 g of 8 -naphthol in 8 ml of glacial acetic acid and 3 ml of a solution having 
the composition 2.5 ml of concentrated hydrochloric acid + 1.3 g of ferric chloride. The precipitate was filtered, 
washed with glacial acetic acid, and then recrystallized from glacial acetic acid. 0.5 g of 2-methylnaphtho- (1, 


2; 5,6)-pyrylium salt, m. p. 150-151°, was obtained. A mixture with a known sample showed no depression of the 
melting point. : 


Fo 
NIN 4 
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Literature data [11]: m. p. 151-152°. 


Oxidation of B-ketomercaptals. 0.02 mole of the mercaptal was dissolved in 8 ml of acetic acid, and 
17 ml of 25% hydrogen peroxide was added. A colorless, crystalline precipitate formed over a period of several 
days; the precipitate was filtered, washed with water, and recrystallized from petroleum ether or alcohol. The 
yields and constants of the compounds obtained are presented in Table 2. 


TABLE 1 
Synthesis of 6 -Ketomercaptals 


S — CH, 
R — COCH,; — CH 
\s— CH, 
wz MRp C, % H, % 
bg n 4 lfoundicalc.|} found j|calc.| found 
tal 


143 — 14510mm — 


1,5579 | 1,2080 | 43,32 | 43,40 | 44,51; 44,71 | 44,41 | 6,41;6,54 [6,17 

54 — 132/8 1,5464 | 1,1693 | 47,86 | 47,72 | 47,72; 47,30 | 47,63 | 6,89; 6,77 16,82 
C,H, 49 }136 — 138/5 @ | 1,1314 | 52,67 | 52,34 | 50,34; 50,41 | 50,45 | 7,48; 7,29 17,36 
C,hi, 50 74,5—75| — — | 59,26; 59,07 | 58,93 | 5,47; 5,88 5,30 
C,H, 68* |44—44,5) — — | 61,87; 61,74 | 61,50 | 7,27; 7,24 
BrC,H, 90 10i—162}  — — | 43,52; 43,19 | 43,54 | 3,44; 3,51 13,64 
CH,C,H, | 50 66 -66,5) — — | 58,41; 58,54 | 58,44 | 6,11; 6,04 [6,94 


* Diethylmercaptal 


TABLE 2 


Synthesis of 2-Ketoalkylmethylene Ethylene 1,3-Disulfones 


SO; — CH; 
R—CO—CH,— cf 
— CH: 


Yield] 5. °c 
7 % + Pee found | ealc, found | calc, 
CH, | 97 | 124,5—4125 | 32,40; 32,45 32,00 54; 4,53 50 
CH, 92 | 449:5—4150 | 35,24: 35,87 35,00 8 00 
90 | 128:5—4129 | 37,92: 37,89 37,79 


Hydrolytic cleavage of 2-acetonylmethylene ethylene 1,3-disulfone. 2 g of the disulfone was mixed with 

i 15 ml of 15% ammonia solution and stirred for 4 hours; the solution was then neutralized and filtered. Acetol, 
identified as the p-nitrophenylhydrazone with an m, p. of 188-189°, was separated from the filtrate by a single 
extraction with ether. The solid material which remained on the filter was recrystallized from alcohol (with 
the addition of activated carbon), and methylene ethylene disulfone, m, p. 202-203.5°, was obtained. 


Literature data: acetol p-nitrophenylhydrazone, m, p. 189° [12]; methylene ethylene disulfone, m. p, 204- 
205° [13]. 
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REACTIONS OF DIPHENYLBROMONIUM, DIPHENYLCHLORONIUM 
AND TRIPHENYLOXONIUM SALTS WITH METALS 


Academician A. N. Nesmeyanov, T. P. Tolstaya and 


L. S. Isaeva 


Institute of Heteroorganic Compounds, Academy of Sciences USSR, M. V. 
Lomonosov Moscow State University ; 


Aryldiazonium [1] and diaryliodonium [2] salts react with metals forming organometallic compounds of 
the non-transition ‘metals. 


The present work was devoted to a study of the reactions of metals with diphenylbromonium [3], diphenyl- 
chloronium [4]. and triphenyloxonium [5] salts, which were discovered by us. It follows from much of our previ- 
ous work that the best medium for the preparation of organometallic compounds from aryldiazonium compounds 
is acetone. The reactions involved in the present work were also carried out chiefly in acetone. The results of 
the investigation are presented in Tables 1 and 2. Diphenylbromonium salts and the similarly behaving diphenyl- 
chloronium salts react with metals in a manner similar to that of diphenyliodonium salts and benzenediazonium 
salts; i. e., in specific cases (considered below in more detail) organometallic compounds of non-transition met- 
als are formed, frequently in adequate yield. On the contrary, when attempts were made to decompose triphenyl- 


oxonium salts in the presence of metals, none of the experiments resulted in the formation of an organometallic 
compound. 


As we have already noted [6], there is a close similarity in the behavior of all three diphenylhalonium salts, 
on the one hand, and benzenediazonium salts, on the other. This similarity and the observations made during the 
interaction of diphenylhalonium salts with bismuth permitted us to turn again to the interaction of diazonium salts 


with this metal and to give a considerably better method for the preparation of triarylbismuths by the diazo meth- 
od [7] than previously described [8]. 


There was observed an essential distinction between the behavior of the diphenylhalonium halides (usually 
the iodide), on the one hand, and the fluoborates, on the other. If the diphenylhalonium fluoborates reacted at 


all with non-transition metals, they formed organometallic compounds. In this case, there was no reaction with 
the more noble metals Pt, Ag, and Hg. 


The diphenylhalonium halides more rarely reacted with metals with the formation of organometallic com- 
pounds (Hg, Sn). However, in contrast to the fluoborates, they reacted with mercury to give a good yield of the 
phenylmercury halide. The halides also reacted with copper and platinum, In the latter case, a mixture of halo- 
benzenes was formed as the result of a purely catalytic reaction. Reaction of both the iodide and the fluoborate 
with copper led to the formation of a mixture of diphenyl (in the latter case, up to 50%) and halobenzenes. The 
reaction with copper is a prototype of the Gattermann decomposition of diazo compounds with copper. 


All of the above material is, in our opinion, most simply, though not absolutely completely explained by 
the following scheme, which has already been presented by the authors and L. G. Markova [9]. 


+ + 
1 a) Ph—NaEN: + Me Me + Ph—Me 


b) Ph. Hal: + :Me PhtHal: Me —= PhHal + PhMe* 
Ph Ph 


Phe ++ Me Ny + PhMeHal 


b Ph—Hal—Hal + Me PhHal + PhMeHal 
Ph 


This hypothesis is based on the idea of homolytic cleavage of the bonds of the covalent form of the onium 
compound, thereby leading to the formation of an organometallic compound (for example, a divalent non-transi- 
tion metal). 


TABLE 1 - 


Reaction of Diphenylbromonium, Diphenylchloronium and Triphenyloxonium Halides with 
Metals* 


Reaction products 
Reaction 
Original salt Metal | Solvent conditions Siti oe yield 
| % 
Br) 13, 3 Thallium] Dry acetone; Stirred 38 hr 
((C,H,)sBr) 3g 21 ty | 
I, 3 g Tin 4g 30ml | Same 6hr 
((C.H,):Br] 5 g Lead 5g 30ml | Refluxed 3 hr 
((C.H,)sBr) | Bismuth 40ml | Stirred 26 hr 
5g at 20 
C,H, | 69—70/0, 12] 19 
1/ Ss hr H, 
(C.H,):Br] I 3g 30m ame 3 {ce 
(C.H,):Br] Cl, 04g | Hg Same 1 hr C.H,HgCl [0,22] 47 
((C,H,)sBr] Br, 0,3 g 1,5 ml Same 30min| C.H,HgeBr* 41 
I 0,16 g i,5 ml i5ml | Same 30min} C,H,Hg I* 270(2) |0,08] 45 
H,)sCl] Cl * Water H,HgCl 
((C.H,)sCl] C 1,5 ml ame 30 min} C,H,HgC 260 {0,05} 15° 
Br 1,5 ml 3ml {| Same 30min C,H,HgBr * 280 {0,17} 66 
I * 1,5 ml Same 15 min}  C,H,Hgl * 270 0,19) 267 
{(CaH,),01 14, 0,97g smi | £ Refiyxed 30 hr 
((C.H,)Br} I 4 g Silver. 10ml | Stirred 8 hr CHJ* 
2,7 Dry at 20° 
H,)2B Platinum HI * 
(C.H,):Br] 3g 30 mi | Same 3 hr CHI 


* For comparison, the experiments with mercury are again presented here. See reference 
(6). 
1 The original onium salt is decomposed completely under the conditions indicated; how- 
ever, the corresponding organometallic compounds were not detected. ? Identified as di- 
phenyl mercury with an m. p. of 123-124° (125° [13)). 3 Identified by conversion to chlo- 
roiodobenzene with a decomposition temperature of 110-112° (110-136° [14}). ‘ Identi- 
fied as tribromophenol. * Diphenylmercury was obtained from this compound by symme- 
trization with sodium stannite; m. p. 124-125°, § A solution of 0.2 g of diphenylchloro- 
nium fluoborate in the -minimum amount of water saturated with lithium chloride or sodi- 
um bromide was used in the reaction. ’ Calculated on the diphenylchloronium fluoborate, 
§ Obtained from 0.5 g of diphenylchloronium fluoborate, which, owing to its extreme in- 
stability, was introduced into the reaction mixture without preliminary purification. 


As regards the Group II reactions, corresponding schemes have found basis in the work of Waters [10] for 
diazo compounds and in the work of McClure and Sandin [2] for iodonium compounds, and these have not en- 
countered any objections. The Group I reactions follow from the belief that the metal interacts as a nucleo- 
philicreagent with the diphenylhalonium or benzenediazonium (their fluoborate salts) cation, converting the 


« 

. 
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cation to an unstable form having a covalent bond with the, metal. If the metal is too noble (too little nucleo- 
philic), as is the case with mercury and platinum and, for halonium cations, silver also, the transition to the 
covalent form and decomposition does not take place. 


TABLE 2 
Reactions of Diphenylhalonium and Triphenyloxonium Fluoborates with Metals, 


Reaction products 


formula | 


BF,*, 2.2 g |thallf acetone | stirred hr H,),TIBF, 
"2h 8 we mls at 38 hr (CoH) 


((C.H,),Br] 5 8 20 ml same hr (C,H,):TIBF, * 
48 g 48 25 mi same 42. hr (C,H, sTIBF, 
((C,H,),0} BF, g 3g 30 ml 8M hr Orig. BF, 


{(C,H,),0] BF, *. 1,8 g 28 25 mi Orig. ((C,H,),0] BF, 
[(C,H,),Br] BF,, 2,4 lead, 10 mi (C,H,),.Pb 


{(C,H,),0) BF, *, 2,5 g 28 2 mi refluxed |Orig. ((C,H,),0) BF, 
{C,H,)sBrJ BF... 3 bismuth 30 mi same 8 hr (C,H,),Bi 
{(C,.H,),O] BF,*,2 g 5.5 g 20 mi Orig. BF, 
g | copperzg 10 mi 


U(C.H,),O]BP, *, 6,95 g 0,95 g | CsH,Cii abs. Orig. {(C,H,)s0) BF, 

mercury 15ml 

((C,H,)CHBF,*, 1 mi 1-C)H,,0H 

{(C,H,):Br) BF, *, ml 2,5 ml - 

{(C.H,),OJBF, *, 0,2 g 1 mi 1,5 ml Orig.  ((C,H,),0) BP, 

*, 0,3 g dry acetone, Orig. {(C,H,)sBr)BP, 
m 


BrJBF, *, 0,2 g plat, 5ml Orig. ((C,H,)sBr]BF, 
8 


* In order to give a complete picture, these experiments are presented again. See refer- 
ence [6]. 

1 Identified as diphenylthallium chloride. ? Identified by conversion to diphenylmercury 
with an m. p. of 124-125. * The corresponding organometallic re were not de- 
tected. * Identified as tribromophenol with an m. p. of 91-92°. 5 The salt decomposed 

completely under the conditions indicated; however, organomercury compounds were not 

detected. 


In the case of a diazonium compound such a transition to a covalent form is completely analogous to the 
action on the diazonium cation of such nucleophilic reagents as the hydroxyl ion or aniline, which convert the 
diazonium ion to the diazoic acid or diazoamino compound. In the case of the halonium cation, the transition 
to the covalent form is accompanied by an expansion of the octet of central halogen atom to a decet. This as- 
sumption is made in scheme II. It is quite plausible for Cl, Br, and 1, since compounds like BrF3, CIF3, ICl3, and 
(C,Hs)3l exist. A similar transformation of the onium cation of oxonium salts to a covalent form of the type in- 
dicated is impossible, since expansion of the oxygen octet is impossible; this explains why triphenyloxonium io- 
dide and fluoborate did not react at all with any of the metals, although heterolytic arylation of compounds con- 
taining atoms with a free pair of electrons does take place with these salts [5]. 


If this surmise is correct, then it ie impossible to expect synthesis of organometallic compounds through 
ammonium compounds. The onium method of synthesizing organometallic compounds must be limited to onium 
compounds beginning with phosphorus. 
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(Presented by Academician I. V. Tananaev, October 30, 1958) 


Spodumene is one of the most important lithium minerals, and, therefore, the enormous interest which 
geologists, mineralogists, and technologists have in this mineral is quite normal. 


Spodumene is a double silicate of lithium and aluminum, and its composition can be expressed by the 
formula Li,O-A1,03-4SiO,. 


According to this formula, spodumene should contain 8.07% Li,O, 27.44% Al,O3, and 64.49% SiO,, How- 
ever, the actual content of the various components of spodumene is not stable owing to the fact that the miner- 
al is not found in the pure state [1, 2]. Petrographic, x-ray, and spectroscopic investigations have shown [2, 3] 


that the many elements present in spodumene exist as isomorphic replacements in its structure and cannot be 
separated mechanically. 


The majority of elements present in spodumene replace lithium in the crystal lattice; this is understand- 
able if it is temembered that the ionic radius of lithium (0.78 A) differs by only 5% from the ionic radius of mag- 
nesium (0.74 A) and lies within the limits 0.7-0.9 A (similar to Zr, Hf, Fe, Sn, and other elements). Moreover, 

‘in appraising the replacements for lithium in the spodumene structure, it should be remembered that lithium 
stands first in the alkali metal subgroup and, as is well known, displays a similarity not only to sodium, which 


lies closest to it in the periodic system, but also to the elements of the neighboring group, especially to magne - 
sium. 


The processes occurring in nature show that replacement of lithium in spodumene can occur on a large scale 
{4}. This replacement is especially characteristic of the weathering of spodumene, a result of which is the de- 
valuation of the mineral. Replacement by sodium proceeds especially intensively; therefore, it is more correct 
to express the composition of natural spodumene by the formula (Li, Na),O-Al,03-4SiO,. 


For a long time, it was considered that spodumene belongs to the aluminosilicate group; however, the in- 
vestigations of Warren and Biscow [5] leave no doubt that spodumene is a doublesilicate of lithium and aluminum. 


Strunz [6], ascribing tospodumene the formula LiAl(Si,O,). specifically emphasized the coordination number of 
aluminum, 6, which is characteristic of it in all aluminosilicates. 


One of the characteristic properties of natural spodumenz, usually called a-spodumene, is a monotropic 
transition in the region 950-1100° to a high-temperature modification called the § -modification or simply B - 
spodumene. A considerable amount of work has been devoted to this transition; this work has been discussed 
recently in connection with new investigations of this interesting phenomenon [7]. 


It is generally known that the irreversible transition of «-spodumene to 6 -spodumene has great practical 
significance, since it forms the basis for the beneficiation of spodumene -containing rocks by calcination. Since, 
in distinction to a-spodumene, 8 -spodumene is friable and readily pulverized, by heating the spodumene ore at 
1100° it is possible to obtain a spodumene concentrate as a fine fraction by sieving the roasted ore, while barren 
rock is not affected by the roasting and passes to the dump. This preliminary thermal treatment of spodumene 
presently retains its significance in the technology of lithium compounds, since certain new effective methods 


for processing spodumene cannot be applied to the a-modification of the mineral [8, 9], while 6 -spodumene 
can be processed by any of the known methods. 


In contrast to a-spodutuene, there are no conclusive data on the structure of B-spodumene. On the basis 
of a number of examples and of analogies, it can be assumed that the symmetry of 8 -spodumene is probably 
higher than that of a-spodumene, and Winchell [10], on the basis of the known optical data for 6 -spodumene 
[11], came to the conclusion that it should be assigned to cubic (?) or tetragonal syngony. However, these con- 
siderations exhaust the idear on the structure of 8 -spodumene. 


Considering the great significance of the polymorphism of spodumene in thermal beneficiation processes 
for spodumene ores and in studies of the mechanism of the agglomeration of spodumene in various reagents spe- 
cific for it, we carried out an x-ray investigation of 6 -spodumene. 
TABLE 1 


Results of the Indexing of the Powder Pattern of 8 -Spodumene (Fe Ka radiation) 


Inten- sin® 8 |ltnten-| 9 | sineo sito. | 
sity meas.| meas. | calc, | calc, sity |meas.|meas, | | calc. | calc, 
2410 10,0270] 9,47|| 7 |43,56|0,4750 | 507 |0,4731] 43,46 
4 | 9,51) 0,0273 { 0,0276| 9.58|| 6 14447|0,4908 | 308 10,4914] 44,54 
2b |10,7110.0345 | 211 6 |45;72|0,5125 | 328 |0,5118] 45,67 
8b | 12,13] 0,0441 220 0, 0432 46,73 0, 5904 0,5307 40,78 
0, "75 || 4/2 | 49:48 |0,5727 55 10,5721 | 49, 
6b | 12,88} 0,0497 |) 594 | 00501 | 12,93 lin { 209 0/5805} 49,64 
top {44,401 0,0618 | [0.0624 | 14,43 19810, 951 |0,5793| 49,56 
40) 9, 314 10.0609 14,30] 4 |50,34/0,5929 | 896 10,5940] 50,42 
10 |16,¢9/0,0768 | 321 |0,0771/16,13]] 9 |54,29|0,6091 | 717 |0,6081| 51,23 
5 146,78|0,0832 | 203 |0,0837|16,82 || 3 |52,2510,6251 | 538 |0,6z52| 52,26 
8 |17,82]0,0936 | 401 |0,0933]17,79 || 6 |54.2410,6586 | 628 |0,8576| 54,17 
4/2 |19,30]0,1092 | 004 4b |55,39|0,6774*]  — 
ib |19,90/0,4159 | 104 4 |56,29|0,6919| 880 |0,6012| 56,24 
4/2 — | — | — 6 |57.29|0,7(79 | 926 |0,7074| 57,26 
5 |24.4010,1313 | 204 6 |58,2410,7229| 648 |0,7224] 58,24 
8 |24.8810,1770 | 105 4 |59.5610,7433 | 3.1.10]0,7440] 59,64 
7 125,30/0,1826 | 4145 6 |60,5710,7585 | 619 |0,7587] 60,58 
4/2 — | | — 2 |61.8510,7773 | 12.0.010,7776| 61,87 
2 |26,16|0,1944 | 600 |0,1944] 26,16] | go | /10-0-6) 0, 7884 | 62,62 
7 |27:28]0,2401 | 532 |0,2412| 27,36 17010, 0'7899| 62.72 
7 |27.8110,2176 | 424 10,2184} 27,86|| 4 |63,5710,8019| 939 |0,8019| 63,57 
120.08 10:2000 { 006 0,2484| 29°89] 5 |64,3510,8126 | 64,33 
542 |0,2492|29/95|| 5 |65,44|0,8272 | 12.2.2]0,8268| 65,44 
9p 130,94/0,2640 | 415 |0,2643130,96|| 6 |66,.4210.8400| 649 |0,8397| 66,40 
1/2 |32:85}0,2939 | 534 8 |69,39|0,8761 | 41.6.2/0,8754| 69,33 
3 |33.2010,3095 | 614 |0,3102]33.85 || 41 |70,7410/8914 | 12.4.210,8916] 70,78 
6 |34,80]0,3257 | 624 10,3264134.84 |] 7b | 72°75 10/9121 | 5.4.1010,9128] 72.82 
9 | 107 |0/3435135.88|| 7b |74.3510,9273 | 938 10.9276] 74,39 
4/2 |36,39/0,3519 | 801 |0.3525| 36.42 || 3b |78,70|0,9616 | 13.3.0|0,9612| 78,64 
8b |38,77]0,3924 | 317 10,3924 | 38.77 
4/2 |40,2210,4169 | 662 10.4164 | 40.17 
4 |40,80]0,4270 | 752 |0,4272| 40.81 
7 141,65|0,4417 | 008 10,4416] 414.64 
7 |42,58|0,4579 0.4587 | 42,63 


Obviously, an impurity 


Dense, unweathered spodumene of the following composition was used for the preparation of the B -spodu- 
mene (in wt. % calculated on the mineral after calcination): SiO,, 66.34; Al,O3, 27.58; CaO, 0.22; Na,O, 0.12; 
K,O, 0.12; Li,O, 6.05; Fe,O, and MgO, traces (Z = 100.43). Before analysis, the spodumene sample was careful- 
ly sorted under a binocular microscope to free it from foreign minerals. Heating of the spodumene to convert it 
to the 8 -modification was carried out at 1100° for 6 hours. The mineral powdered in the roasting process was 

passed through a 200 mesh screen. Optical observations using immersion liquids allowed us to conclude that our 
sample of 6 -spodumene was homogeneous and pure. It was optically anisotropic. 
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The x-ray exposure was carried out in an RKD NIIF MGU(Moscow State University) camera with a diam- 
eter of 57.3 mm using a BSV x-ray tube with an iron anode and a manganese filter; the voltage was 25 kv, 
and the current was 7 mamps. The film was mounted asymmetrically, The measurements were made using 


a comparator which could be read with an accuracy of 0.05 mm. The intensity was determined visually using 
the ten-point scale. 


We were able to index the powder pattern of 8 -spodumene on tetragonal axes: a = 13.15 kX; c = 11.64 
kX. The results of the indexing (see Table 1) can be considered satisfactory for 54 of the lines on our photo- 


graph. We were unable to select indices for only 3 very weak lines. These lines apparently belong to an acci- 
dental impurity. 


For the x-ray density of 8 -spodumene, taking 16 molecules in the unit cell, we obtain 0, = 2.437, which 
is in very good agreement with the experimental value * Spycn. = 2.438. 


The present work was begun under the direction of Academician G. G. Urazov, now deceased, who, for a 


long time, was head of the Division of Technology of Fine Inorganic Chemicals of the Lomonosov MITKhT 
(Moscow Institute of Fine Chemical Technology). 
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ON PROPERTY ISOTHERMS OF BINARY LIQUID SYSTEMS, ONE 
OF THE COMPONENTS OF WHICH ISOMERIZES UNDER THE IN- 


FLUENCE OF THE OTHER 


B. Ya. Teitel'baum 


Chemical Institute Kazan Branch Academy of Sciences USSR 


(Presented by Academician B. A. Arbuzov, December 8, 1958) 


In investigations of the liquid-phase interaction between components of binary systems, the formation of 
addition compounds according to the following scheme is usually considered: 


mA + nB 


The effect of interactions of this type on the form of the isotherm for any given property has been clari- 
fied in detail in the theory of physicoche mical analysis [1], both with respect to specific properties and for the 
general case. 


However, the possibilities for chemical interaction are by no means exhausted by the case mentioned. 
Thus, interaction can proceed by double decomposition. In this case, four molecular species are found in the 
equilibrium liquid: 


AR + BR’ = AR’ + BR; 


each species contributes to the total value of the property of the sclution (we have in mind here non-ionic, 
chiefly organic components). It is not difficult to see that the investigation of the form of the isotherm for this 
type of reaction is considerably more complex than for the formation of addition compounds. 


With complex molecules, which will be denoted by ACR, double decomposition reactions frequently are 
accompanied by rearrangement: ACR + BR' = AR'C + BR. 


The particular case in which R' = R is of special interest. In such case, we have an isomerization reac- 
tion, 


ACR = ARC, 


in which the second component does not formally participate but in essence plays the role of a catalyst. Isom- 
erization does not occur in the absence of the second component; the most complete conversion takes place in 
mixtures rich in this component. : 


In a number of cases, this reaction proceeds on more or less prolonged heating; however, the process prac- 
tically ceases with a decrease in temperature, and it may be considered that three molecular species (ACR, BR, 
and ARC) form a quasi-equilibrium system. Moreover, the ratio of the amounts of ARC and ACR, i. e., the de- 
gtee of isomerization, depends on the intensity and length of heating and on the amount of BR. 


So far as is known to us, the question of the form of property isotherms of liquid systems of similar type 
has not previously been investigated. Let us consider this question in general terms, using the method proposed 
by N.A. Trifonoy for the determination of the form of property isotherms of systems containing an associated 
component which decomposes during solution [2]. 


A 
“4 i 

ye 


Let the component ACR and the product of its isomerization ARC have different values of the given prop- 
erty. It is then possible to have two different isotherms characterizing the concentration dependence of their 
properties in a system withBR — one on the assumption that the component under consideration is completely i- 
somerized and the second on the assumption that it is completely unchanged. Such isotherms are shown as 
broken lines in the figures presented here.* The actual state of the system is represented by curves occupying 
an intermediate position between these two isotherms. Moreover, the more complete the conversion, the more 
closely the property isotherm approaches the isotherm for the isomerized substance. Accordingly, the curves 
can coincide in the region of solutions close to the pure component BR, since a large excess of the latter pro- 
motes completion of the isomerization process. Conversely, but for the same reason, the curve must approach 
the isotherm of the unisomerized material when the composition of the solution is in the region of the pure com- 
ponent ACR. 


Fig. 1. 


We shall develop concrete forms of property isotherms starting from the position that in systems without 
chemical interaction, the value of a given property is a linear function of the concentration expressed in con- 
venient terms (mole, volume, or weight fraction), We shall keep in mind that for a number of properties the 


isotherms are convex to the concentration axis, in particular as a consequence of the decomposition of associated 
components. 


Case 1, The value of the property is higher for the isomerizing component than for the non-isomerizing 
component (BR). Two possibilities can be distinguished in this case: 


a) The relative magnitudes of the properties are ARC > ACR. 


In Diagram 1a, the property isotherms are represented as convex curves. The more.complete the isom- 
erization, the more closely the isotherm approaches the upper broken line. As the curve approaches the upper 
broken line, a maximum appears and becomes more and more clearly expressed and shifted in the direction of 
the isomerizing component, Diagram 1a‘ shows curves for the same case but with the assumption that the prop- 


In certain cases, these isotherms can be constructed from experimental data. This is true of systems where 


both isomeric forms are stable and form with the component BR solutions in which there is practically no isom- 
erization under the conditions of the investigation. 
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erty isotherms for the system without interaction are represented not by straight lines, but by lines convex to 
the composition axis. As may be seen, the isotherms in this case are of the same general form as in Case 1a; 


however, a portion with a reverse curvature can develop on these curves, or in other words, there is a point of 
inflection. 


b) The relative magnitudes of the properties are ARC < ACR. 


Considerations similar to those presented above lead to the conclusion that the property isotherms in this 
case are represented by lines convex to the composition axis (without a minimum). At a high degree of isom- 
-erization, the part of the isotherms lying close to the non-isomerizing component can coincide with the lower 
broken line. In the present case, the transition from the linear isotherms of normal systems to isotherms convex 


to the composition axis does not introduce any essential changes in the form of the curves, and, consequently, 
we have not presented the corresponding diagrams. 


Case 2. The value of the property is lower for the isomerizing component than for the non-isomerizing 
component (BR). In this case too, it is possible to distinguish two possibilities. 


a) The relative magnitudes of the properties are ARC > ACR. 


Isotherms convex to the composition axis (without a maximum) are obtained in this case. The higher the 


degree of isomerization, the more a part of the curve approaches the upper broken line and the more steeply it 
descends toward the value of the property for ACR. 


If the property isotherms for systems in which there is no interaction are represented by curves convex to 


the composition axis (Diagram 2a"), then the isotherms under consideration are represented by curves with a 
point of inflection. 


b) The relative magnitudes of the properties are ARC < ACR. 


The isotherms for such systems are curves convex to the composition axis in which, with an increase in 
the degree of isomerization, a minimum appears which shifts more and more toward the ordinate of the isom- 
erizing compound, The transition from linear, normal isotherms to isotherms convex to the composition axis 
does not produce new types of isotherms, and we have not presented a diagram for a system of this type. 


It is not difficult to see that the cases presented here are limiting cases. The component BR can have a 
value of the given property which lies between those of ACR and ARC. It can be shown, however, that the 


isotherms obtained in this case have a form similar to those of the isotherms already presented, and we shall not 
consider this case. 


All of the material presented above leads to the conclusion that isotherms of systems containing a com- 
ponent which isomerizes under the influence of a second component can have the same geometrical features as 
systems in which addition compounds are formed: convexity, extremums, points of inflection. 


As a consequence of this, in determining the nature of the interaction of the components of a system, it 


is very important to establish the distinguishing characteristics which discriminate the isotherms of these two dif- 
ferent classes. : 


Such discriminating features of systems in which isomerization occurs are the following: 


1. There cannot be singular points on the isotherms. 


2. The maximums cannot be higher nor the minimums lower than the straight lines joining the points 
representing the pure isomerized substance and the second component. 


3. The extremums and the points of inflection shift very greatly with a change in the degree of isomeriza- 


tion (i. e., usually with temperature and reaction time). They by no means indicate the formation of addition 
compounds, and do not characterize their composition. * 


* It should be pointed out that E. A. Bekturov [5], who investigated the role of the time factor in the physico- 
chemical analysis of liquid systems in which an addition compound is formed, also noted a shift of the extremums 


with a change in the degree of interaction. In his opinion, only the extremums of the limiting isotherms indicate 
the composition of the compound. 
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4, The parts of isotherms lying close to the non-isomerizing component and obtained by heating to dif- 
ferent extents coincide with each other, since an excess of this component guarantees close to 100% isomeriza- 
tion. In certain cases, this portion can be quite large, so that the value of the property for the isomerized com- 
ponent can be obtained by graphical extrapolation. 


Fom the above, it may be seen that in order to distinguish this type of interaction from the ordinary forma- 
tion of addition compounds, it is necessary to investigate the system at different temperatures and reaction times. 
We are not concermed here with those possible cases where isomerization is complicated by the simultaneous for- 


mation of addition compounds so that not three, but a larger number of molecular species is present in the solu- 
tion. 


An example of an isomerization reaction is the Arbuzov rearrangement of esters of phosphorous acid to 
esters of phosphonic acids under the influence of alkyl halides [4]: 


P(OR)3 + R'Hg = R'PO(OR), + RHlg. 


For ethyl phosphite and ethyl iodide or bromide R’ = R, and, consequently, the reaction comes under the 
case considered in the present article. 


A physicoche mical analysis of the system composed of these components was carried out by B. A. Arbuzov 
and A. V. Fuzhenkova [5]. Their data are in complete agreement with the scheme presented here. The viscos- 
ity isotherms belong to Type 1a. The parts of the isotherms lying close totheethyl iodide ordinate coincide, 
and the maximum shifts considerably (from 30 to 75% phosphite) with an increase in the reaction temperature 
from 40 to 70°. The density isotherms, plotted both in volume fractions and in mole fractions, approximates 
Type 2a, 


There is no doubt that all of the other types of isotherms presented here can be realized in other concrete 
cases. 


Thus, in the present work we have considered in general terms the question of the form of isotherms of 
properties of systems in which one of the components isomerizes under the influence of the other. We have pres- 
ented the possible types of isotherms for such systems, and we have indicated their features and distinctions from 
isothe:rms of systems in which addition compounds are formed. 
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CATALYTIC CONVERSION OF CYCLOHEXENE TO TETRAALKYL- 
BENZENE AND DIMETHYLNAPHTHALENIC HYDROCARBONS 


Academician A. V. Topchiev, G. M. Mamedaliev , M. V. 
Shishkina, G. N. Anikina and A. N. Kislinskii 


The catalytic conversion of cyclohexene has been studied by many investigators [1-7]. In these investiga- 
tions, the monomer fraction of the reaction products-was investigated. The polymeric products resulting from 
the process were not investigated, nor was the mechanism leading to their formation clarified. 


The present paper presents the results of our investigations on the dehydration of cyclohexanol and the cat- 
alytic conversion of the resulting cyclohexene over silica-alumina catalysts. 


EXPERIMENTAL 


The cyclohexanol used in the present work boiled at 161-161.5°; , 0.9454; nD 1.4640. The cyclohex- 
ene boiled at 82-82.2°; d”°, 0.8095, n™°D 1.4474; fodine number 308.9. 


TABLE 1 The cyclohexene and the cyclohexanol were each subjected 
to conversion at 350°, a space rate of 0.75:1, and atmospheric pres- 


Properties of the Monomer Fraction of the net 


Product from the Catalytic Conversion of 
Cyclohexene The experiments were carried out in a reactor with a fluid- 


ized bed of powdered, microspheroidal silica-alumina catalyst [8]. 
Fractional composition 20 
atid properties of the Wt. | ap The principal part of the experimental work was conducted 
P with cyclohexanol. The results of the experiments showed that 
Init, bsp. 46° there is essentially no difference between the conversion products 
of cyclohexanol and of cyclohexene. The over-all yieldsof mono- 
13—79° 44°81 | 1.4254 mer and polymer fractions in the hydrocarbon part of the catalyz- 
age A sv ane ate were 57-59 and 40-41%, respectively. It was found that up to 
Total yi eld to 100° 6.75 | '— 200° over silica-alumina,dehydration of cyclohexanol proceeded 
Residue 4,74 _ without appreciable conversion of the resulting cyclohexene. A 
Loss 1,54 _— further increase in the temperature changed the course of the re- 
420 0,7553 action toward isomerization and polymerization of cyclohexene 
4490 and hydrogen-transfer reactions. 
D 
gt No. rs The catalyzates from experiments carried out at 350°, a 
ea wt. % 20,2 space rate of 0.75:1, and atmospheric pressure were separated in- 
to monomer and polymer fractions, which were then investigated 
separately. 


The monomer product boiled in the range 46-100° (Tables 1 and 2). The ccntent of unsaturated hydrocar- 
bons was 20.2%. About 76% of the fraction boiled in the range 70-73°. 


Investigation of the fractions by Raman spectroscopy showed that the monomer product consisted of more 
than 75% methylcyclopentane, ~20% methylcyclopentenes, ~4-5% cyclohexane, and ~2-3% cyclohexene. 


& 


The polymer product boiled in the range 190-300° d”, 0.9277; nD 1.5278; molecular weight 153.4; fodine 
number 37.4; sulfonatability 82.4%. 


TABLE 2 


Properties of the Basic Fractions of the Monomer Product 


Fraction 70-73° : Fraction 73-79° Fraction 79-100° 

Yield, wt. % 75.86 * ‘Yield, wt. % 14.8 Yield, wt. % 3.79 
nD 1.4112 1.4254 1.4319 
0.7491 a, 0.7724 0.8027 

Iodine No. | 43.0 Iodine No. 162.2 Iodine No. | 150.7 


The properties of the polymer fraction are presented in Table 3. 


The fractions boiling up to 210° consisted,to a considerable extent,of naphthenic hydrocarbons. The con- 
tents of aromatic and unsaturated hydrocarbons varied in the ranges 25-29% and 14-15%, respectively. 


More than 95% of the 210-220° fraction boiled in the range 214-217°, and it was distinguished by a com- 
paratively low content of unsaturated compounds (4.9%). The chief component part of this fraction was naph- 
thene-base hydrocarbons. The amount of aromatic compounds comprised 36.7%, The naphthene part of the 
fraction was characterized by the following constants: d”°, 0.8646, n™D 1.4672, molecular weight 165.2, aniline 
point 54°. Elemental composition: C 86.9%, H 13.1%. This corresponds to dimethyldecalin (C 86.7%, H 13.3%). 
Found MR 53.09, calculated for dimethyldecalin MR 53.0. This product was investigated by Raman spectra; it 


was found that it consisted mainly of hydrocarbons with a decalin structure, the trans-isomers predominating 
significantly. 


TABLE 3 


Properties of the Polymer Fraction 


Fractional [¥ield 20 lodine Sulfonata- 

composition|% "D a No. Mol, wt. vol, 

Init. 

b, Rid 

78,5—-190 6,32] 1,4557 | 0,8311 33,5 115,3 46 
190—210 6,32} 1,4782 | 0,8664 24,5 151,0 39,7 
240—220 |15,89| 1,48441 | 0,8813 8,1 154,8 39,3 
220—225 6,52} 1,4943 | 0,8955 9,2 152,6 49,2 
225—230 9,143} 41,5071 | 0,9108 20,0 152,4 715 
230—235 8,10] 1,5198 | 0,9227 28,0 152,3 92 
235—240 5,62] 1,5259 | -0,9325 23,6 153,3 94,6 
240—250 7,21) 1,5363 | 0,9416 36,4 149,5 97,5 
250—260 | 8,74] 1,5763 | 0,9751 53,9 150,6 100 
260—270 | 41,22) 1,5968 | 0,9923 50,4 151,8 100 
270—280 1,63] 1,5955 | 0,9933 45,2 152,0 100 

— 2,501 41,5775 | 0,9823 42,9 152,5 100 


End point 300° Over-all yield 89.2%, residue 9.2%, and loss 1.5%. 


The fractions boiling in the range 225-250° were characterized by an increased content of aromatic hy- 
drocarbons (60-80%) and a correspondingly decreased amount of naphthenic hydrocarbons, There was a gradual 
increase in d’”, and n”°D of the fractions: 


The fractions boiling above 250° consisted,to a considerable extent,of alkylnaphthalenes (a, 0.975-0.993, 
nD 1.570-1.597). These fractions were investigated by absorption spectroscopyin the ultraviolet region. The 
spectra were obtained with an intermediate quartz spectrograph and a photoelectric spectrophotometer. The frac- 
tions were investigated in isooctane solution at concentrations of 1-10 and 1-10~ mole/ liter. Figure 1 presents 
the absorption spectra of fractions boiling in the range 190-240°. These spectra are closely similar; they indicate 


that the fractions consisted mainly of tetraalkylbenzenes [9, 10] with a certain amo nt of dialkylbenzenes, pre- 
dominately the meta isomers. 


In the spectra of sucee ding fractions of the 240-270* fraction, the benzene region was completely over- 
lapped by an intense band due to naphthalenic hydrocarbons. An absorption maximum, shown in Figure 2, was 
observed in the 290-330 mj region of the spectra of all fractions containing naphthalenes. Figure 3 shows a 
photograph of the absorption spectra of the 240-250, 250-260, and 260-270° fractions; these spectra confirm 
that the nature of the naphthalenic hydrocarbons in these fractions is the same [11]. 
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Fig. 1. Ultraviolet absorption spectra Fig. 2. Ultraviolet absorption 
of the 190-240° C alkylaromatic frac- spectrum of the 260-270° alkyl- 
tions: a) 190-210°; b) 210-220°; c) ~ naphthalene fraction. 


220-225°; d) 225-230°. 


Fig. 3. Absorption spectra of the fractions: I) 240- 
250°; II) 250-260°; III) 260-270° (the wave-length 
scale of the spectrograph is shown on the abscissa in 
mm x 


The basic component of the 240-270° fraction was 1,2-dimethyinaphthalene with some 2,6- and 1,3-dime- 
thylnaphthalenes. The 260-270° fraction, which was composed of naphthalenic hydrocarbons, was investigated by 
the preparation of the picrate. The melting point of the picrate was 105.5°. 


The data obtained on the composition of the monomer and polymer products of the conversion of cyclo- 
hexene permit the assumption that the following reaction scheme is most probable. The isomerization of cyclo- 
hexene to methylcyclopentenes (1) is important in the formation of the hydrocarbons of the monomer fraction. 
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0) + C,H,CH, al 0) 
7 

(11) (HIN) 

The hydrogenation of methylcyclopentenes to methylcyclopentane (II) then takes place 


Part of the cyclohexene is hydrogenated to cyclohexane (III) 


The formation of the polymeric hydrocarbons evidently proceeds through a stage in which dimers and 
codimers of methylcyclopentene and cyclohexene (IV) are formed: 


0-00: 10, 


which then isomerize with the formation of hydrocarbons with a decalin and (or) octalin structure (V): 


7 


A similar isomeric conversion was observed by Zelinskii [12], Huckel {13], and later Plate [3] and others. 
The conversion of dimethyldecalin or dimethyloctalin to tetraalkylbenzenes (VI) then takes place. 


The fractions boiling above 250° consisted chiefly of a mixture of dimethylnaphthalenes which were ap- 
parently formed by dehydrogenation of dimethyldecalin or — (VII): 


Cc Cc 


The resulting 1,2- acetate eae was further isomerized with the formation of other dimethylnaph- 
thalenes. 


It is also probable that the conversion of cyclohexene to dimethylnaphthalenic and tetraalkylaromatic 
hydrocarbons with a durene structure proceeds partially through a stage in which the hydrogenated analog of 


biphenyl is formed as an intermediate product. However, a reaction course is conjectural and requires further 
experimental study. 


The unsaturated compounds contained in the polymeric products were incompletely dehydrogenated ana- 
logs of hydrocarbons with a decalin structure and other alkylsubstituted cyclenes formed as intermediate com- 
pounds during the conversion of cyclohexene to alkylbenzene and alkylnaphthalenic hydrocarbons. 


The results of this investigation provide a basis for the assumption that the conversion of cyclenes estab- 


lished in this study have an important significance in the formation of aromatic hydrocarbons during the thermo- 
catalytic reprocessing of petroleum products. 
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HYDROGENATION OF FURAN COMPOUNDS OVER SKELETAL 
CATALYSTS 


Corresponding Member AN SSSR N. I. Shuikin and 
I. F. Bel'skii 
N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences USSR 


Of the various skeletal catalysts used in the hydrogenation of furan compounds, skeletal nickel-aluminum 
catalyst has been investigated in the greatest detail. The furan ring is smoothly hydrogenated over this catalyst 
at temperatures not above 140-150° in either liquid or vapor phase [1,2], while at high temperatures (200-275°) 
the main or sole reaction is so-called “conjugated hydrogenolysis” of the furan ring, in which a molecule of hy- 
drocarbon and a molecule of aliphatic ketone is formed from a molecule of 2-alkylfuran [3]: 


Rupture of 1-5 


CH 2—CH,—C—R 


Hp upture of 1-6 &4-5 


upture of 1-6 &3-4 


CH;—C—R + CaHonse 
§ 

In contrast to skeletal Ni — Al catalyst, skeletal Ni — Zn displays a very slight activity for hydrogenation 
of the furan ring in the vapor phase at normal pressure, while the primary reaction at 150° and the sole reaction 


at 250-300° is hydrogenolysis of the furan ring at the C —O bond not adjacent to an alkyl side-chain in the a- 
position. 


Skeletal copper catalyst prepared from copper-aluminum alloy has been investigated for the hydrogena- 
tion of furfural in both the liquid and the vapor phase. In the liquid phase and at 140° and 100 atmos, furfural 
is quantitatively reduced to furfuryl alcohol [4]; i. e., in this case, skeletal copper behaves similarly to copper 
chromite, although it possesses considerably less activity. The hydrogenation of furfural over skeletal Cu — Al 
catalyst in the vapor phase at normal pressure yields as the major product either furfuryl alcohol, at tempera- 
tures below 200°, or sylvan, at 250°(5]. An increase in the pressure promotes hydrogenolysis of thering (6). 


In the present work we investigated the catalytic properties of skeletal platinum, palladium and copper 
prepared by the partial removal of aluminum from alloys of these metals with aluminum. As is well known [7], 
platinum and palladium deposited on carbon exhibit sharply differing properties with respect to hydrogenation 
and hydrogenolysis of the furan ring in the vapor phase. Under the same temperature conditions (275°), only hy- 
drogenolysis of the furan ring proceeds over platinized carbon, while the major reaction over Pd —C is hydro- 
genation of the multiple bonds in the furan ring with the formation of the corresponding tetrahydro derivative. 
The results of the present investigation show that skeletal Pt — Al and Pd — Al catalysts are similar in their prop- 
erties to platinum and palladium deposited on carbon. At 150° in the vapor phase, skeletal Pd — Al smoothly hy- 
drogenates the furan ring, converting, for example, sylvan and 2-methyl-5-ethylfuran to the corresponding tetra- 


hydrofurans; 
Hy, 150° 


— enon Jen, 


Hydrogenolysis of the furan ring over Pd — Al becomes appreciable only at comparatively high tempera- 
tures. Moreover, it should be pointed out that the extent of hydrogenolysis of the furan ring at 275° is the same 
over Pd ~C and skeletal °d — Al and comprises in both cases a total of ‘20-25%, Thecomplete similarity in the 
properties of palladium on carbon and skeletal Pd — Al catalyst is also observed in the hydrogenation of isopropyl- 
furylcarbinol, which, in the vapor phase at 250°, is reduced to a-isobutylfuran with a yield of 70-75% [8]: 


Hy, 250° 
H—CH = H,CH HO 


The multiple bonds in the furan ring are hydrogenated only after reduction of the hydroxyl group. Hence, 
it is understandable that selectivity during reduction of the hydroxyl group depends on the rate at which the al- 
kylfurylcarbinol is passed over the catalyst. 


Skeletal Pt — Al and Cu ~ Al catalysts at temperatures of the order of 150° hydrogenate only an olefinic 
bond in a side-chain leaving the furan ring untouched. Thus, at 140-150° in the vapor phase, a-vinylfuran is 
practically quantitatively hydrogenated over Pt — Al and Cu — Al to a-ethylfuran; 


Hay 150° 


At elevated temperatures (250-275°), both catalysts are very effective for the hydrogenolysis of the furan 
ring; in the vapor phase at normal pressure, the ring in a-substituted furan homologs is cleaved exclusively at 
the C —O bond away from the alkyl radical; 


H, , 275° 


Thus, under vapor-phase hydrogenation conditions at normal pressure, skeletal Pt — Al and Cu ~ Al cata- 
lysts can, depending on the temperature, either hydrogenate the double bond in the side chain or promote hydro- 
genolysis of the furan ring. In this respect, they are similar to platinum on carbon and copper chromite [1], al- 
though over the latter, hydrogenolysis of the furan ring proceeds less smoothly than over skeletal Cu — Al cata- 


lyst. 
EXPERIMENTAL 


Starting materials. The pure sylvan used in the experiments was isolated from the technical product by 
distillation over sodium in a column. 


The c:-vinylfuran was prepared by the vapor-phase dehydration of methylfurylcarbinol over aluminum 
oxide at 350°, and the 2-methyl-5-ethylfuran was prepared by reduction of 2-methyl-5-acetylfuran in the vapor 
phase over Ni — ZnO at 250°. The isopropylfurylcarbinol was synthesized by Grignard reaction from furfural and 
isopropyl bromide. The physical properties of the starting materials are presented in Table 1. 


Catalysts. Alloys of platinum, palladium, and copper with aluminum containing, respectively, 10% plat- 
inum, 5% palladium, and 30% copper were prepared. Active catalysts were prepared by treatment of these alloys 
with dilute sodium hydroxide solution, which was used in the amount required for the removal of 40-50% of the 
total amount of aluminum in the alloys. The catalysts were washed with water, and were charged wet to the 
reaction tube. A fresh portion of catalyst was used in each experiment. 


Experimental conditions. All experiments on the hydrogenation of sylvan, 2-methyl-5-ethylfuran, o-vinyl- 
furan, and isopropylfurylcarbinol were carried out in the vapor phase at normal pressure. The substance was fed 


220 


to the reaction tube ata space rate of 0.1 hours~!, The liquid catalyzates, which were obtained in almost the 
theoretical amounts, were distilled in a column with an efficiency of 40 theoretical plates. The physical prop- 
erties and yields of the reaction products are presented in Table 2. 


TABLE 1 
Properties of the Starting Materials 


Starting material C 


Sylvan 62-63 0.9120 1.4320 
2-methyl -5-ethylfuran 117-118 0.8932 1.4460 
o-Vinylfuran 98-99.5 0.9487 1.5010 
Isopropylfurylcarbinol 66-68.5 1.0297 1.4791 


TABLE 2 


Results of the Hydrogenation and Hydrogenolysis of Furan Compounds Over Skeletal Catalysts _ 


Substance Catalyst | Temp. | Reaction products, yields, and physical properties 


Sylvan Pd- Al Tetrahydrosylvan (~100%), b. p. 79-79. 2"/ 750 mm, 
0.8582; 1.4060 
2-Methyl1-5-ethyl- 
furan Pd Al 2-Methyl- (~100%), b. p. 116.5~- 
117°/ 750 mm, d”, 0.8403; 1.4130 
Sylvan Pd- Al Tetrahydrosylvan (~80%), 2-pentanone (20%) 
Isopropylfurylcar- 
binol Pd — Al a-Isobutylfaran (70-75%), b. p. 128-129°/ 750 mm, 
0.8785, n™D 1.4415 
Pt— Al a-Ethylfuran (~100%), b. p. 91-92°/ 750 mm, a” 
Pt— Al 2-Pentanone (~95%), b. p. 101-102°/ 750 mm, 
Cur Al 0.8081, n”D 1 3012 
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CRYSTALLINE ORGANOCADMIUM COMPOUNDS OF-THE CLASS 
RCdX IN THE ALIPHATIC SERIES 


N. I. Sheverdina, I. E. Paleeva, E. D. Delinskaya and 
Corresponding Member AN SSSR K. A. Kocheshkov 
L. Ya. Karpov, Physicoche mical Institute 


As is well known, ether solutions of organocadmium compounds, which are prepared by an exchange be- 


tween cadmium salts and Grignard reagents, have become rather widely used as valuable reagents for the prepa- 
ration of ketones [1]. 


It is considered that organocadmium compounds exist in such solutions as the dialkyl compounds; in any 
case, Krause was able to isolate them from solution as individual compounds, to prove their composition by a- 
nalysis, and to describe a number of them (from dimethylcadmium to diisoamylcadmium) as liquids with a dis- 
agreeable odor which oxidize readily in air [2]. 


However, mixed type organocadmium compounds have not yet been isolated in the individual crystalline 
state. 


We were able to show for the first time that their formation and separation are possible by means of a re- 
action between dialkylcadmium* and cadmium salts according to the equation* *; 


R,Cd + CdX, + 2RCdX (1) 
We carried out this interaction in a medium of absolute ether using anhydrous cadmium halides. 


In contrast to the analogous reaction in the field of organozinc compounds, previously described by us [3], 


we found it necessary in the present case to use suspensions of cadmium halides owing to their insolubility in 
ether. 


Mixed organocadmium compounds, first prepared by us, are white, finely crystalline, infusible (but soften- 


ing above 100°) powders which are vigorously decomposed by water or alcohol. They are oxidized by atmospher- 
ic oxygen, but are not air hypergolic. 


All of the ethyl compounds are insoluble in aromatic hydrocarbons, hexane, and ether; however, n-butyl- 
cadmium bromide is soluble in the latter solvent. 


In the case of our mixed organocadmium compounds, we have as yet been unable to establish the forma- 
tion of the corresponding stable complexes (for example, with ether or dioxane) such as we found for RZnxX (3). 


The interaction of the individual organocadmium compounds described in the — work with acid iil 
ides proceeds according to the equation: 


EXPERIMENTAL 


Diethylcadmium and di-n-butylcadmium were prepared by the method of Krause [2]. The cadmium hal- 


ides and the solvents used in the work were carefully dried. All operations were carried out under conditions 
which excluded access of air (dry nitrogen medium). 


* We have been able to establish unequivocally that the reaction follows a similar course in the aromatic series. 
** It is also possible to write the product as R,Cd-C dX,; cf., for example, the‘indirect data of Garrett and co- 
workers [4] obtained in an investigation of organocadmium compounds in solutions. 
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: 


Ethylcadmium chloride. A solution of 7 g (0.041 mole) of diethylcadmium in 50 ml of absolute ether 
was placed in a round-bottom flask (100 ml) fitted with a mercury seal, a reflux condenser, and an inlet for 
the introduction of nitrogen, and 6 g (0.033 mole) of carefully ground anhydrous cadmium chloride was added. 
Cadmium chloride is practically insoluble in ether, and readily settled in it as a typical heavy powder. After 
being stirred for ten hours, the powder was gradually converted to a lighter suspension of organocadmium chlo- 
tide. The latter was decanted through a filter, suction filtered, washed free of traces of liquid diethylcadmium 


with absolute ether, and dried in a vaccum under nitrogen. The yield of ethylcadmium chloride was 7, g (60, 6%, 
calculated on the cadmium chloride used), 


Cadmium was determined as cadmium sulfate by calcining a weighed sample with sulfuric acid in a 
quartz test tube; 


Found %; Cd 63.86; 63.97; Cl 20.41; 20.29 C,HsCdCl. Calculated %: Cd 63.54; Cl 20.06. 


Ethylcadmium bromide. 10.8 g of ethylcadmium bromide (67.8% yield, calculated on the cadmium 
bromide) was obtained from 6.3 g (0.037 mole) of diethylcadmium and 9.8 g (0,026 mole) of anhydrous cad- 
mium bromide (dehydrated by heating for an hour in a stream of dry nitrogen in a quartz retort) using the con- 
ditions described above with a stirring period of 8 hours. 


Found %: Cd 50.72; 50.89; Br 36.16;36.46 C,HsCdBr. Calculated %: Cd 50.79; Br 36.10. 


Ethylcadmium iodide. 12.4 g of ethylcadmium iodide (84.28% yield, calculated on the cadmium iodide) 
was obtained from 5.2 g (0.031 mole) of diethylcadmium and 10 g (0.027 mole) of anhydrous cadmium iodide 
using the conditions described above (but with a stirring period of ten hours). 


Found %; Cd 42.05; 42.06; 147.30; 46.85 C,HsCdI. Calculated %: Cd 41.90;1 47.30. 


n-Butylcadmium bromide, 4.3 g (0.0158 mole) of dry cadmium bromide was added to 3.72 g (0.016 mole) 
of n-dibutylcadmium in 100 ml of absolute ether. The reaction mixture was stirred and heated for four hours, 
the solid bromide gradually going into solution. The solution was filtered (No. 4 glass filter), After the remov ~- 
al of a significant part of the solvent, the precipitated white crystals were suction filtered, washed with cold pe- 


troleum ether, and dried in a vacuum under nitrogen. 5.32 g of n-butylcadmium bromide was obtained (67.54% 
yield, calculated on the original bromide). 


The substance was soluble in absolute ether and difficultly soluble in petroleum ether. 
Found %; Cd 44.71; 45.42; Br 32.35; 31.97 CyHyCdBr. Calculated %; Cd 45.09; Br 32.06. 


Interaction of ethylcadmium iodide with benzoyl chloride. A suspension of 12.5 g (0.049 mole) of ethyl- 
cadmium iodide in 20 ml of dry toluene was cooled to 5°, and 4.3 g (0.031 mole) of benzoyl chloride was added 


dropwise with stirring; the mixture was then brought to room temperature, and stirring was continued until the 
odor of acid chloride had disappeared. 


1.9 g of phenyl ethyl ketone (b. p. 216°) was obtained after the usual treatment of the reaction mixture. 
The yield was 46.3% calculated on the benzoyl chloride... 


The reaction proceeded in an analogous manner with ethylcadmium chloride. 
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ALKYLATION OF 1,1-(4,4' -DIHYDROXY) DIPHENYLETHANE 
WITH ISOBUTYLENE 


V.L. Vaiser and V. D. Ryabov 


I. M. Gubkin Institute of the Petrochemical and Gas Industries 
(Presented by Academician A. V. Topchiev, October 24, 1958) 


Alkylphenols have found widespread use in different fields of organic synthesis. While the alkylation of 
mononuclear phenols has been well studied, the alkylation of binuclear phenols has not been described in the 


literature. 
TABLE 1 We have investigated the alkylation with isobutylene 
of 1,1-(4,4' -dihydroxy)diphenylethane (Cy,H;,0,), which 
Fraction 216- was prepared by the interaction of phenol in aqueous or al- 
= = 219°/5 mm coholic solution with acetylene in the presence of HsPO,- 
solvent | BF, catalyst (1,2). 
2 a A : a in | in % of The compound C,,H;€, is a white, crystalline sub- 
&| 218 8 cl. & theor. stance with a melting point of 122.5°; it is sparingly soluble 
in hydrocarbons and readily soluble in alcohols, ketones, and 
Ether 10/15] 13] 6 | 18 29 ether. 
The alkylation of phenol with isobutylene is usually 
adits 5'55| 95 12 Tarred carried out at a temperature of 60-90° [3], at which temper- 
Ether 10 15 39 16 30 66 ature phenol is molten and does not require the use of a sol- 
vent in the alkylation. 
TABLE 2 Since Cy4Hy,O, melts at 122.5°, carrying out the re- 
: en action without a solvent would require a temperature of the 
ok 216-219/5 order of 130°. Decomposition of the Cy4H,,O, would possibly 
g occur in an acid medium at this temperature. For this reason, 
>| olo BS we carried out the alkylation with isobutylene in a solvent 
(ether) at 15-20°. 
= | | &lo |ing|™ 
B theor. The isobutylene was prepared by dehydration of isobutyl 
O g BH) HI2R9 alcohol over aluminum oxide at 360°. The alkylation was car- 
24 36 11 | 20 11 33 72 tied out as follows: a solution of 30 g of dihydroxydiphenyl- 
94 95 9 | 93 8 37 81 ethane in 40 ml of ether and the H3PO,BF; catalyst were charg- 
2A 12.5} 4 120 4 35 16 ed to the reactor (a three-neck flask ), and, with constant 
24 8 3.51 20 2.5| 21 46 stirring, the isobutylene was passed into the solution. At the 
13 12.51 6 |15 4 25 54 conclusion of the reaction, the contents of the reactor were 
6 125| 7 45 4 i951 20 washed with water and neutralized with a 10% solution of a 
24 12.51 6 a 81 base to remove the unreacted Cy4H,O, (it had previously been 
established that the products of the alkylation of dihydroxydi- 


Note; In all experiments, 30 g of C,,H,O, and 
40 ml of ether were used in the reaction. 


phenylethane are insoluble in the 10% alkaline solution). The 
alkaline solution was extracted with ether, the ether solution 


a 

: 

3 


washed with water to a neutral reaction, the ether and low-boiling isobutylene polymer distilled, and the res- 


idue distilled under vacuum in a current of carbon dioxide; the main reaction product distilled at 216-219°/5 
mm. The results of preliminary experiments are presented in Table 1. 


The fraction boiling at 216-210°/ 5 mm was a solid substance with a yellowish color, readily soluble in 
paraffinic, naphthenic, and aromatic hydrocarbons. 


Found %: OH 11.13; 10.7 Cy,H,g¢OH),. Calculated %: OH 10.4, 
Molecular weight: found, 319, 331; calculated (C2H30,), 326. 
Found %; C 80.4; 80.68; H 9.32; 9.33 Cy9H3gO,. Calculated %: C 80.9; H 9.21. 


This compound was identified from the analytical results as 1,1-(4,4" -dihydroxy-5,5' -di-tert-butyl)di- 


phenylethane 
i-C,Hy H3 i-CyHy 
A subsequent series of experiments (Table 2) was carried out to establish the optimum reaction conditions. 


The optimum conditions are: catalyst concentration, 15 wt. %; temperature, 18-20°; mole ratio of isobutylene 
to dihydroxydiphenylethane, 4; isobutylene feed rate, 2-3 liters/ hour. 
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A NEW METHOD FOR THE SYNTHESIS OF 2-ARALKYL-, 
1,3-INDANEDIONE 


Academician AN Latvian SSR G. Ya. Vanag and T. T. Dumpis 


Institute of Organic Synthesis, Academy of Sciences Latvian SSR. 


At the present time, 2-phenylindanedione particularly stands out among the derivatives of 1,3-indanedione 
this compound has found use in medicine as an active blood anticoagulant [1-6], and is known in the Soviet Union 
under the name “phenyline." Phenylindanedione is less toxic than dicoumarin, acts more rapidly, and does not 
have a cumulative action in therapeutic doses. It is possible that certain amino derivatives of phenylindanedione 
will find practical application, for, according to preliminary experiments, these compounds have an action sim- 
ilar to paupaverine, atropine, and narcotics [7-9]. 


The closest homolog of phenylindanediones, 2-benzyl-1,3-indanedione (IV, Ar = CgHs), is of interest in this 
connection. Of the derivatives of 2-benzyl-1,3-indanedione, only 2-)p-nitrobenzyl)-1,3-indanediones (II has been 


described in the literature; this compound was prepared by cyclization of p-nitrobenzylbenzoylacetic ester (I) ac- 
cording to the scheme 


co co 


| (P) -+ CoH;OH. 
co 


( CH — (p) 
GOOCH, 


This reaction has recently been studied by L. Zalukaev and E. Vanag [12], who found that in addition to 2- 
(p-nitrobenzyl)-1,3-indanedione, the yield of which was 32%, p-nitrobenzylacetophenone is also formed (in 54% 
yield). 


As early as 1888, Roser [13] had established that 1,3-indanedione cannot be prepared by cyclization of ben- 
zoylacetic ester, since benzoylacetic ester is cleaved by the action of concentrated sulfuric acid with the forma- 
tion of acetophenone. Similarly, cyclization of benzylbenzoylacetic ester gives not 2-benzyl-1,3-indanedione 
but 2-benzoyl-1,3-indanedione [10, 11]; i. e., in this case cyclization proceeds with the second aromatic ring. 
Wojack [11] did not obtain the expected 2-p-methoxybenzyl-1,3-indanedione from the cyclization of anisylace - 
tic ester, since cleavage and tarring of the reaction products occurred. 


A general method for the preparation of disubstituted indanediones consists of Claisen condensation of a 
dialkylphthalate with esters of monocarboxylic acids [14] according to 


R 
COOC;H; COOC;Hs 
co 
Cite CHR + CO, + C.H,OH. 


I I 
R 

4 

. 
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Wojack [11], citing a paper not available to us [15], stated that Singer synthesized 2-benzyl-1,3- indane= 
dione by this method, condensing the phthalic acid ester with an ester of hydrocinnamic acid. Unfortunately, 
Wojack gave neither the physical properties of 2-benzyl-1,3-indanedione nor its yield. 


We have developed a new method for the preparation of 2-aralkyl-1,3-indanedione (IV) which involves 
hydrogenation of 2-arylidene -1,3-indanedione (III): 


c=cHaAr 7! cH, CH — CH, Ar 
co co 
IV 


Aromatic aldehydes condense very readily with 1,3~indanedione forming 2-arylidene-1,3-indanedione 
(III). It is known from the literature that a, § -unsaturated ketones are selectively hydrogenated by sodium hy- 
drosulfite [sodium dithionite] (Na,S,0,); for example, derivatives of dibenzoylethylene are hydrogenated to the 
corresponding derivatives of dibenzoylethane [16]. When 2-benzal-1,3-indanedione (III, Ar = CgHs) was treated 


with sodium hydrosulfite in alcoholic solution, depending on the alcohol concentration it was possible to isolate 
two products. 


If a solution of benzalindanedione in 96% alcohol is refluxed with sodium hydrosulfite and the solution fil- 
tered hot, a bright yellow precipitate of the sulfur-containing sodium salt forms when the filtrate is allowed to 
stand, The salt is readily soluble in boiling water and stil] more soluble in the presence of acids. The salt de- 
composes with the liberation of sulfur dioxide and the formation of a precipitate of benzalindanedione. The ben- 
zalindanedione bisulfite-addition product (V) was formed in almost quantitative yield by this method. That this 
is actually so was confirmed by the fact that the same product was prepared from benzalindanedione by reflux- 
ing it in alcoholic solution with either sodium bisulfite or with sodium metabisulfite. 


HO SOsNa 


co CH.2CsHs 


Cc 
4 CO 
VI 


If the hydrogenation with sodium hydrosulfite is carried out in aqueous-alcoholic solution (1 :1), then di- 
lution of the solution with water at the conclusion of the reaction precipitates 2-benzyl-1,3-indanedione (IV Ar 
= C,Hs) in 19.1% yield. 2-Benzyl-1,3-indanedione is a white material with an m., p. of 95-97°; in contrast to 
2-benzalindanedione, it is soluble even in dilute sodium carbonate solution, forming a solution with an intense 
yellow color; from this it follows that the compound contains an enolizable hydrogen atom, 


The comparatively low yield of benzylindanedione is explained by the simultaneous formation of the ben- 
zalindane dione bisulfite-addition compound (V). Since this compound is readily soluble in water, it remains in 
solution when the solution is diluted with water, and the unreacted benzalindanedione can be recovered from the 
solution in 80.3% yield (based on the benzalindanedione used) by adding hydrochloric acid and refluxing the solu- 
tion. Thus, the yield is aimost quantitative when calculated on the reacted benzalindanedione. An increase in 
the amount of hydrosulfite or in the reaction time does not increase the yield of benzylindanedione; obviously, 
the benzalindanedione bisulfite -addition compound is not hydrogenated to benzylindanedione. For proof of this, 
the pure benzalindanedione was prepared and refluxed for 4 hours with sodium hydrosulfite in aqueous-alcoholic 


so'ition (1:1). When the reaction was complete, benzylindanedione was isolated in only 4.8% yield, and 84,3 
% of the benzalindanedione was recovered. 


The 2-benzyl-1,3-indanedione prepared as described above was characterized by means of Wojack's meth- 
od (11), namely, alkylation of the benzylindanedione with p-nitrobenzyl chloride. The resulting 2-benzyl-2- 


(n-nitrobenzyl)-1,3-indanedione (VI) had a melting point and other properties which were in complete agree- 
ment with the data of Wojack. 


The following aralkylindanediones (see Table 1) were prepared in a similar manner by hydrogenation of 
arylideneindanediones with sodium hydrosulfite in aqueous-alcoholic medium, 


Dialkylaminoarylideneindanediones do not form bisulfite -addition compounds; therefore, the yields of 
dialkylaminobenzylindanediones were higher, 


TABLE 1 


co 
Calla CHa—Ar 


Color in 


White 31 
143—145 | Orange 
87—90 | Light: yellow 


113 —114 | Pale yellow 


170 -—172 | Light yellow 


121 —123 | Yellow 


(CoH): | 141-143 | Orange 


Good results were also obtained from the hydrogenation of benzalindanedione with hydrogen in the pres- 
ence of skeletal nickel; this work will be reported separately. 


By way of an example, the reaction with benzalindanedione is described in detail in the experimental sec- 
tion of this paper. The reactions with other arylideneindanediones were carried out in a similar manner. 


EXPERIMENTAL 


Bisulfite -addition compound of 2-benzal-1,3-indanedione (V). a) With sodium hydrosulfite. 6 g (0.0256 
mole) of 2-benzal-1,3-indanedione, 6 g (0.0286 mole) of sodium hydrosulfite, and 100 ml of alcohol (96%) were 
refluxed on a water bath for 3 hours. The hot solution was filtered from unreacted sodium hydrosulfite. The fil- 
trate was allowed to stand, and, particularly when the walls of the vessel were scratched with a glass rod, the 
bright yellow bisulfite -addition compound of benzalindanedione slowly precipitated. The yield was 6.8 g (99.4%). 
It was readily soluble in cold water forming a yellow solution; 2-benzal-1,3-indanedione precipitated when the 
solution was boiled; when the aqueous solution was heated with acids, sulfur dioxide was liberated, and a precipi- 
tate of 2-benzal-1,3-indanedione formed. The bisulfite -addition compound was not soluble in ether or benzene. 


b) With sodium bisulfite. 6 g (0.0256) of 2-benzal-1,3-indanedione, 6 g (0.0577 mole) of sodium bisulfite, 
and 100 ml of alcohol (96%) were refluxed for 3 hours on a water bath; further treatment was as described in the 
preceding case. The same product was obtained. 


c) With sodium metabisulfite (sodium pyrosulfite). 3 g (0.0128 mole)of 2-benzal-1,3-indanedione, 3 g 
(0.0125 mole) of sodium metabisulfite, and 50 ml of alcohol were treated as described above. The yield of the 
bisulfite -addition compound was 2.8 g. The chemical and physical properties of the compounds obtained from 
all three methods were the same to all intents and purposes. 


Found %; S 9.86; Na 6.21 CygH;O;SNa. Calculated %; $ 9.47; Na 6.80. 


3 
>—N (CH,)z 8 
— 

S-ock, 45 

dc 
H, 
15,6 
dcx, 
So, 
76,6 

228 


2-Benzyl-1,3-indanedione (IV, Ar = CgHs). 9.36 g (0.04 mole) of 2-benzal-1,3-indanedione, 12 g (0,0572 
mole) of sodium hydrosulfite, 90 ml of alcohol, and 90 ml of water were refluxed for 4 hours, and the solution 
was filtered hot. The filtrate was cooled and diluted with approximately 700 ml of water, and, after several hours, 
it was filtered and washed with water. The yield of 2-benzyl-1,3-indanedione was 1.8 g (19.1%); m. p. 88-92°; 
after recrystallization from methanol diluted with water (1 :1), the substance melted at 95-97°. It dissolved in 
sodium carbonate solution forming a solution with an intense yellow color. 


Found %: C 81.79; H 5.38 CygHy,O,. Calculated %: C 81.36; H 5.09. 


After separation of the benzylindanedione, 5 ml of concentrated hydrochloric acid was added to the fil- 
trate, and the mixture was refluxed for 15 minutes with vigorous stirring. 2-Benzal-1,3-indanedione precipitated 
when the mixture was cooled. The yield was 7.52 g, which comprised 80.3% of the benzalindanedione taken for 
the reaction; the m. p. was 148-152°. 


2-Benzyl-2-(p-nitrobenzyl)-1,3-indanedione (VI). 0.805 g of 2-benzyl-1,3-indanedione and 0.59 g of p- 
nitrobenzyl chloride in solution in sodium ethylate (0.07 g of sodium in 14 ml of absolute alcohol)was distilled 
under vacuum, the residue was extracted with ether, the ether was evaporated, and the residue was crystallized 
from alcohol. Two-fold recrystallization gave 2-benzyl-2-(p-nitrobenzyl)-1,3-indanedione, a white compound 
with an m., p. of 138-140° (literature value [11], 141°). . 


Found %: N 3.74 Cy3H,70,N. Calculated %: N 3.77. 
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WITH SULFURYL CHLORIDE 
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TABLE 1 


(Presented by Academician A. V. Topchiev, November 5, 1958) 


Sulfuryl chloride chlorination catalyzed by organic peroxides or by the halides of certain elements is widely 
used in organic synthesis [1]. In contradistinction to this, the photochemical reaction of organic compounds with 
SO,Cl, is used only as a method of sulfochlorination [2]. 


Product Yields from the Photochemical Chlorination 
of CH;SiCl,; with Sulfury! Chloride 


Reac- 
Mole ratio | tion Yield 
CH,SiC}, : | time, gsiCls 
1 hrs, 
CH,CISiC1; 
3 40 19 33 0 
. 30 18 31 0 


A number of papers [3-21] have described the use 
of sulfury! chloride (in the presence of benzoyl peroxide) 
for the introduction of chlorine atoms into alkyl and rad- 
icals connected to a silicon atom. However, the use of 
this method for the chlorination of organosilicon com- 
pounds is limited, since under the usual conditions, sul- 


-furyl chloride in the presence of benzoyl peroxide does 


not chlorinate methyl [4, 7, 9] or phenyl [4] radicals 
attached to a silicon atom, Although the chlorination 

of methyl derivatives can be successfully carried out 

in a high-boiling solvent (7, 11, 12], the yield of chlo- 
rination products is very small. Thus, for example, the 
chlorination of CH,SiCl, with sulfuryl chloride in solu- 
tion in o-dichlorobenzene results in a yield of CH,CISiCl, 
of only 2.6% [11}. 


Cooper[22] studied photochemical sulfochlorinationof organosilicon compounds with SO,Cl,. He found that 
me thyltrichlorosilane illuminated with a 1500-watt incandescent lamp does not react with sulfuryl chloride. Di- 
methyldichlorosilane reacts very slowly with the latter under these conditions, forming only traces of the mono- 


chloro derivative. 


We have found that ultraviolet radiation catalyzes the chlorination of organosilicon compounds (and also of 
organic compounds) with sulfuryl chloride to a significantly greater extent than do organic peroxides. Thanks to 


this, it becomes possible to use SO,Cl, for the introduction of chlorine atoms, under comparatively mild conditions, 
into such difficult compounds to chlorinate as, for example, methyltrichlorosilane and dimethyldichlorosilane.* 


Intense ultraviolet irradiation of a boiling mixture of methyltrichlorosilane and sulfuryl chloride leads to the 
formation of the mono-, di-, and trichloro derivatives. The variation in the yields of these compounds with the 
mole ratio of starting materials is shown in Table 1. 


These data show that chlorination with sulfuryl chloride can be particularly recommended as a method for 
the preparation of CHCI1,SiCl,. It is very curious that in the presence of FeCls, the photochemical chlorination 
and chlorination in the dark of methyltrichlorosilane with sulfuryl chloride proceeds practically not at all. On 


the other hand, quinoline is a catalyst for this reaction, 


* Ethyltrichlorosilane and higher alkylchlorosilanes react very readily with sulfuryl chloride under ultraviolet 
irradiation (the reaction is complete in 2 hours). These data will be published separately, 
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Dimethyldichlorosilane reacts appreciably more rapidly with SO,Cl, than does methyltrichlorosilane. 
Moreover, depending on the ratio of the starting materials, both the mono- and dichloro derivatives can be ob- 
tained in yields of 40-50%, 


TABLE 2 


Product Yields from the Photochemical Chlorination of (CH3),SiCl, with Sul- 
furyl Chloride 


Mole ratio | Reaction Yield in % of reacted (CHs),SiCl, 
(CH3)SiCl,: | time in 


SO,Cl, hours | CHYCI,C)siCl, 


2 20 a 0 
a 29 26 0 
0.5 21 a 24 


TABLE 3 
Product Yields from the Photochemical Chlorination and the Dark Chlorination 
of C,H;SiCl, with Sulfuryl Chloride 


Mole ratio Reaction reacted 
C,H,SiCl,;/ __|time in Catalyst* 3 
SO,Cl, CIC,H,SiCI, ** |Cl,C,H,SICI, ** 


(CgHsCO)202 
ULV. 
UV. 
quinoline 
u.v, FeCls 
u.v. FeCl, 
FeCls 
u.v. FeCl; 
u,v. FeCls 
FeCl; 
FeCls . 


comoo 


1 
1 
1 
0 
1 
2 
1 
0 
0 
0 
4 
0 


* U.v. ~ultraviolet irradiation. The amount of FeCl, was 0.05 mole % of the 
original CgH,;SiCl;. The reaction mixture was refluxed during all experiments. 
(The temperature of the reaction mixture was above 70°). 

** Mixture of isomers (mainly m- and p-). | 


Photochemical chlorination of CgH;SiCl, with sulfuryl chloride proceeded very slowly. Moreover, depending 
on the reaction conditions, chlorophenyltrichlorosilane was formed in very low yield (of the order of 15%), or else 
it was not formed at all (Table 3). In all cases the main product of the chlorination was hexachlorobenzene, the 
yield of which reached 60%, This indicates that the reaction proceeds with rupture of the Si — CgH; bond and sub- 
sequent chlorination of the resulting chlorobenzene (or, possibly, benzene) to CgClg.* It is very interesting that, 
in contrast to the reaction with methyltrichlorosilane, the photochemical reaction of phenyltrichlorosilane with 
SO,Cl, generally does not take place in the presence of catalytic amounts of quinoline (2 mole %). Similarly, we 


did not detect any reaction when benzeue was refluxed with sulfuryl chloride in the dark, either in the presence 
of benzoyl peroxide or without it. 


We found that a good catalyst for the photochemical chlorination of phenyltrichlorosilane is ferric chloride 
(though in the case of CH,SiCl, it is an inhibitor). In the presence of 0.05 mole % of this catalyst, it was possible 
to chlorinate phenyltrichlorosilane to the monochloro derivative (45-50% yield) and the dichloro derivative (30- 


* The catalytic chlorination of CgHg and CgHsCl with sulfuryl chloride to CsCl, proceeds readily under compar- 
atively mild conditions [1]. We have found that a 100-hour ultraviolet irradiation of an equimolar mixture of 
SO,Cl, and C.H, gives CgClgin 50% yield calculated on the initial sulfuryl chloride. 
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40% yield), as shown by the data in Table 3. The reaction of phenyltrichlorosilane with sulfuryl chloride in the 
presence of ferric chloride also takes place in the dark. The mono- and dichloro derivatives are formed in this 
case also; however, the rate of the reaction in the dark is slower than that of the photochemical reaction (Table 
3). 


The properties and analyses of the products obtained by the chlorination of organochlorosilanes with SO,Cl, 
are presented in Table 4. 
TABLE 4 


Physical Constants and Analytical Data for Products of the Photochemical Chlorination of 
Organochlorosilanes with Sulfuryl Chloride 


Hydrolyzable} 
MRp ct. % Si, % 


calc, |found calc, calc, |found 


Formula in nie 


‘CICH2SiCls 148 — 120} 1,4530)1 ,4423) 34,04) 34,47) 57,8 15,27 
‘ClaCHSiCls 144 | 4,4715]1,5502| 38,88) 39,41) 48,7 12,86 
ClsCSiCls 156 m.p. 116° — | 42,6] 11,10 
CICH2CHSSiCls 1214 1,4510/4 ,2925 34,08} 43,3 17,16 
148,5 | 1,4712)1,4244 38,80} 35,8 14,18 
‘ClsCCH3SiCle 160 —162} m.p. 98° — | 30,4 29°83 12,08 
CIC,.H,SiC15* 230 — 232) 1,5420/1 , 4377 53,83) 43,24 11,40** 


43,45 
CleCgHsSiCls 258 — 259} 4, 5631/1 ,5485 58,67) 37,97| 37,8 |10,37 


* Mixture of m- and p-isomers 
** Found %:; C 29.05; 29.20; Cl 57.38; 57.46. CgHsCl,Si. Calculated %; C 29.29; C157.66. 


EXPERIMENTAL 


The initial organochlorosilanes — industrial direct synthesis products — were distilled in a column with an 
efficiency of 40 theoretical plates. The sulfuryl chloride was freshly distilled commercial product. 


Method of investigation. All experiments were carried out in an 0.25- or 0.5-liter quartz flask fitted with 
a reflux condenser joined to a Tishchenko bottle containing concentrated sulfuric acid. The flask was irradiated 
and heated with a PRK -2 quartz mercury lamp placed at a distance of 30 cm from the bottom of the flask. This 
distance was decreased gradually to 5-10 cm during the course of the reaction. The reaction was continued un- 
til the evolution of gaseous products ceased completely, after which the reaction mixture was fractionated (the 
second time in a column). A description of several typical experiments is given below. 


Photochemical chlorination of methyltrichlorosilane. A mixture of 149.5 g (1 mole) of methyltrichloro- 
silane and 270.0 g (2 moles) of sulfuryl chloride was irradiated and heated to boiling with a PRK-2 lamp until 
the evolution of gaseous reaction products ceased (38 hours). Fractional distillation of the reaction mixture gave 
20 g of CH,CISiCl, with a b. p. of 118-123°, 22 g of CHCI,SiCl, with a b. p. of 143-148", and 18 g of CCI,SiCl 
with a b. p. of 156-160°. The yields of chlorination products and the physical constants and analytical data ob- 
tained after a second distillation are presented in Tables 1 and 4, respectively. When the photochemical reac- 
tion was carried out in the presence of 1 g of FeClg, there was practically no reaction between the components, 
and both of the original reagents remained unchanged. 


Photochemical chlorination of phenyltrichlorosilane. a) A mixture of 105.8 g (0.5 mole) of phenyltrichlo- 
rosilane and 67.5 g (0.5 mole) of SO,Cl, was irradiated and heated to boiling with PRK-2 lamp for 53 hours. 
Distillation of the reaction mixture in a column gave 18.0 g (14%) of chlorophenyltrichlorosilanes with a boiling 


15,14 

13,0 

: 12,4 

= 10,95 

10,76 
16,6 

16,8 

a 13,87 
11,9 

11,23 

44,214 

9,7 

10,15 

J 
: 232 


range of 220-245°. The high-boiling residue crystallized. Recrystallization of the residue from a mixture of 
ether and benzene gave 70 g (50%) of hexachlorobenzene with an m. p. of 229°. A mixture with pure C,Cl¢ 
showed no melting point depression. 


b) When this same reaction was carried out in the presence of 1 g of FeCls, the evolution of gases was 
complete in 10 hours. Fractional distillation of the reaction mixture gave 58 g (47%) of chlorophenyltrichloro- 
silane with a b. p. of 222-232° and 18 g (26%) of dichlorophenyltrichlorosilane with a b. p. of 240-260°. After 
a second distillation, the chlorination products had the constants presented in Table 4. 


Chlorination of phenyltrichlorosilane in the dark. A mixture of 105.8 g (0.5 mole) of phenyltrichlorosilane, 
67.5 g (0.5 mole) of SO,Cl,, and 0.5 g of FeCl; was refluxed for 38 hours until the formation of gaseous products 
ceased. Fractional distillation of the reaction mixture gave 52 g of chlorophenyltrichlorosilane with a b. p. of 
230-240°; this is a yield of 42% of theoretical. The reaction did not go in the absence of FeCls. 
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ON THE COMPOUND FORMED BY BERYLLIUM OXYACETATE 
AND NITROGEN DIOXIDE 
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In a previously published paper [1], we reported that beryllium oxyacetate forms two compounds with sul- 
fur dioxide: Be ,O(CH3COO),-2SO, and Be ,O(CH;COO),°SO,. On the basis of an x-ray investigation and a study 
of the vapor pressures of these compounds, they were considered to be inclusion compounds formed with the cu- 
bic crystal lattice of beryllium oxyacetate. 


We have now found that Be ,O(CH;COO), forms a compound with siti dioxide which has properties 
similar to those of the compounds formed with sulfur dioxide. 


Beryllium oxyacetate is readily soluble in liquid nitrogen dioxide at room temperature. When such a so- 
lution is evaporated, colorless, acicular, anisotropic crystals precipitate; this compound decomposes in air, evolv- 
ing brown vapors of NO). 


An x-ray phase investigation showed that decomposition of the compound leaves beryllium oxyacetate in 
its normal cubic modification. According to the results of a gravimetric analysis, the composition of the com- 
pound is closely approximated by the formula Be sO(CH3;COO),- 3NO, or BegO(CH3COO)g,- 1.5N,04. 


In order to answer the question of whether the nitrogen dioxide molecules are present in the compound with 
Be O(CH;COO), as NO, or N,O4, measure ments of the magnetic susceptibility were made. The magnetic suscepti- 
bility was measured with the aid of a Faraday torsion balance. A 30 to 50-mg sample of BesO-(CH;COO),- 1.5 
N,O, at a temperature of —7 to —10° was placed in a glass tube, and the tube was sealed. The measurements were 
then carried out at room temperature. The substance was analyzed after completion of the measurements. The 
number of moles per mole of Be O(CH,COO), in parallel samples was 1.43 and 1.40. The specific susceptibility 
found for Be 1.5N,0, was: = — (0.464 0.01) - cGs. 


The literature gives the value x = — 0.276-10~* for N,O,. Our experimental value for the specific suscep- 
tibility of beryllium oxyacetate was y= (0.424 0.01)- 10-°CGs, which is in good agreement with the value found 
by Angus [2] (x = — 0.45-107). According to Wiedemann's additivity rule, the specific susceptibility of a com- 
pound formed from one molecule of Be,O(CHsCOO), and one and a half molecules of N,O, should be y = —-0.38:- 
10 CGs. According to the experimental data, the compound is somewhat more diamagnetic (by — 0.08-10~% 
CGS), probably owing to mutual polarization of the Be,O(CH,;COO), and N,O, molecules and the related shift in 
the electron density. If the strongly paramagnetic NO, molecule (x 435° = 3.26-10-* CGS) entered into the com- 
position of the complex, the compound should be paramagnetic.* 


In order more precisely to define the composition of this compound, and also with the aim of studying the 
possible formation of other compounds in the system beryllium oxyacetate-nitrogen dioxide, composition—pres- 
sure isotherms were determined for the system. As in the preceding work, a Huttig P-V-T apparatus was used 
in this study. The basic parameters of the apparatus and the experimental method were as previously described 
{1}. A small change in the apparatus was necessitated by the fact that nitrogen dioxide is particularly reactive 
and reacts with mercury. This change consisted in the installation of a glass-membrane null manometer be- 


* Electron paramagnetic resonance was not observed for the compound Be sO(CH3COO),-1.5 N,O,, which is in 
complete agreement with the results of the magnetic susceptibility measure ments. 
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tween the basic "working" space of the apparatus and the mercury manometer; the glass-membrane manometer 
operated on the condensation principle; the readings were taken with the mercury manometer. The stopcock 
lubricant was a special vacuum grease stable to nitrogen dioxide. The nitrogen dioxide was prepared by heating 
a mixture of lead nitrate and quartz sand in a stream of 
oxygen; it was dried by passage through a P,O, tower, 
and then liquified in the receiver. Approximately */, 
of the liquid nitrogen dioxide distilled intothe vacuum, 
and two-thirds of the remaining nitrogen dioxide was 
distilled into a special reservoir in the apparatus and 
used during the investigations of the system. The ini- 
tial weight of the Be ,O(CH;COO), was 800 mg. A sat- 
urated solution of beryllium oxyacetate in liquid ni- 
trogen dioxide was first prepared in the apparatus, and 
a the vapor pressure andcomposition were determined dur- 


ing the decomposition of the solution. Equilibrium was 
established in the system within 2-3 hours (in different 

mole ratio ROTA, experiments). Calculation of the amount of nitrogen 

; dioxide in the P-V-T apparatus was based on data on 

Fig. 1. Nitrogen dioxide vapor pressure isotherms the dependence of vapor density in the system NO, ~ 


in the system Be ,O(CH3COO), — (N,O,-NO,) 


N,O, on pressure; these data were taken from the work 
of Natanson [3] and of Bodenstein [4], which were in 
good agreement. Figure 1 presents composition — pres- 
sure isotherms obtained at 10.0 and 19.0°. 


It follows from the form of the curve that a compound having the composition Be ,O (CH3COO),-1.5N,0, 
separated during evaporation of the saturated solution of BeO(CH3;COO), in liquid nitrogen dioxide. No other 
compounds were found in the system. Plateaus appear on both the 10° and the 19° isotherms at pressures corre - 
sponding to the vapor pressures of NJO,+ NO, at these temperatures, which are close to the boiling point of ni- 
trogen dioxide. Consequently, BegO(CH3COO).-1.5N,0, dissociates as a real chemical compound, while the de- 
composition of Be ,O(CH3;COO),-SO, and Be,O(CH3COO),-2SO, at — 10° (the b. p. of SO,) takes place through the 
formation of a phase of variable composition. The more rapid establishment of equilibrium during the dissocia- 
tion of Be ,O(CH3COO),-1.5N,O, is evidently connected with this essential difference in the nature of the decom- 
position of the compounds of Be O(CH3COO), with SO, and N,O,. 


TABLE 1 Data obtained during the study of the isotherms 
for 19.0 and 10° and,in addition, dissociation pressures 
measured at 22.0 and 25.0° were used to determine the 
temperature dependence of the dissociation pressure of 


the compound of beryllium oxyacetate with nitrogen 
dioxide. 


Dissociation Pressures of the Compound of 
Be ,O(CH;COO), with Nitrogen Dioxide (mm) 


283.2° K |292.2° K| 295.2° K |298.2° K 


In calculating the function lg P = f(1/T) , values 
of the partial of NO, the mixture NO, + 
P NO, 59.1 | 122.7 161.3 | 195.8 N,O, were used. For calculating the partial pressure of 
N,O, at different values of T and P in the system, we 
used Equation (2) of Bodenstein [4], Kp lg Kp = -@ + 1.75 lg T + 0.00483T — 7,144 - 10-7? + 3.062. 


4Pa? 
7601 —a4’ where P is the total pressure in 


The degree of dissociation wascalculated from the equation Kp = 
1-a 
l+a 


millimeters of Hg. Py 4 = 


The experimentally found values of the total pressure of NJO,+ NO, and the calculated values of the par- 
tial pressure of N,O, are presented in Table 1. The variation in the dissociation pressure of the compound with 
temperature is shown graphically in Figure 2. This relationship can be expressed by the equation: lg P = — 2953, 1X 
XT-1+12.199; whence, AH = 13.5 kcal./ mole over the temperature interval 283-298°, 


The equation representing the interaction of Be,O-(CHsCOO), with nitrogen dioxide and the heat effect of 
the reaction has the form: 


Be (0(CH;COO),+1.5N,0 Be kcal. 


We also carried out an x-ray investigation of the compound 

Be £O(CH;COO),"1.5N,0, by the oscillating crystal method using an 
“RKOP camera and a BSVL type tube to provide Cu radiation. The ex- 
posure was made at a temperature of 5 to 10°; the monocrystal was 
sealed in a thin-wall capillary of pyrex glass. The compound Be,O 
(CHsCOO),-1.5N,0, crystallizes in a lattice which is either rhombo- 
hedral or close to it and which has an identity period a = 12.4 4 0.1 
A and = 812 1°. 


The density determined at —10° by the suspension method in a 
: F mixture of dichloroethane and carbon tetrachloride was 1.44, while 
oe , «@ j55 the x-ray density calculated for Z = 3 was 1.45. The crystal structure 
= of Be,O(CH;COO),-1.5N,0, has a lower symmetry than the structure of 
Fig. 2. Variation in dissociation beryllium oxyacetate or of its compound with sulfur dioxide. The sub- 
pressure of the compound Be,O- stantial difference between the structure of the compound Be (CH ;COO),- 
(CHsCOO),:1.5N,0, with temper- 1.5N,0, and the structure of the original Be,O(CH;COO), or of the com- 
ature. pound Be,O.(CH,COO),-2SO, is evidently connected with the circumstance 
that the volume of the N,O, molecule is approximately half that of the 
SO, molecule, so that the N,O, molecule, which differs significantly in 
configuration from the SO, molecule, cannot fit in the voids present in the crystal lattice of Be O(CHsCOO),, even 
when the latter is somewhat expanded. Inclusion of the smaller NO, molecule does not occur, evidently owing to 
the great tendency toward dimerization. However, in spite of the substantial difference in crystal structure, a con- 
siderable similarity exists between the compounds of beryllium oxyacetate with SO, and N,O,. This applies pre - 
eminently to the heats of formation per mole of Be{O(CHyCOO),. Thus, the heat of formation is 18.4 kcal./ mole 
for BesO(CH3;COO),-2SO, and 20.2 for Be O(CHsCOO),-1.5N,0,. It is also remarkable that almost complete addi- 
tivity is observed in the molar volumes of the two compounds, and the molar volumes are approximately equal. 


Thus, for Be O(CH3;COO),-1.5N,0,4, found Vy = 377.7; calculated Vjy = 385.0. For BegO(CHsCOO),-2SO,, found 
Vu = 373.4; calculated Vjy = 381.4. j 
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SYNTHESIS OF ACI-NITROALKANES 


S. S. Novikov, K. K. Babievskii and I. S. Korsakova 
N. D. Zelinskii-Institute of Organic Chemistry, Academy of Sciences USSR 
(Presented by Academician A.V. Topchiev, November 13, 1958) 


Several examples of the addition of the simplest mononitroalkanes [1,2] and of «1,1-dinitroethane [3] to 
2-nitroalkenes have been described in the literature. 


We assumed that trinitromethane would react with 2-nitroalkenes more readily than other nitroalkanes, 
since the hydrogen is more labile. 


It was found that if the reaction of trinitromethane with 2-nitro-1-alkenes is carried out in a medium of 
aqueous methanol at a temperature below 0°, and if the reaction products are quickly separated by dilution of 
the reaction mixture with ice water, white crystals of aci-1,1,1,3-tetranitroalkane are obtained in almost 


quantitative yield. 
R R 


CH (NOs). CI 
(R=CHs, C.Hs, n-C3H,, iso-CsH7) 


At the present time, there is no reliable information on the preparation of the aci-form of aliphatic nitro- 
hydrocarbons in the free form. 


The structure of the aci-nitro compounds synthesized by us was confirmed by infrared spectroscopy; an ab- 
sorption band was present at 6.00 yp, which is characteristic of valence vibrations of C = N bonds in aci-nitro 
compounds [4,5], and there were also absorption bands at 1604 and 1310 cm—, which belong, respectively, to 
the antisymmetric and symmetric valence vibrations of trinitro groups [6]. The spectra contained no absorption 
bands corresponding to valence vibrations of a mononitro group. 


These aci-1,1,1,3-tetranitroalkanes undergo color reactions characteristic of aci-nitro compounds; thus, 
ether solutions of these substances are colored blue by the action of acetyl chloride [7] and red by the action of 
a solution of ferric chloride [8]; they can be stored for a long time at dry-ice temperature. 


Aci-1,1,1,3-tetranitrobutane reacts rapidly with bromine in ether solution in the absence of a base with 
the formation of 3-bromo-1,1,1,3-tetranitrobutane;: 


CHs 


NO; 


The formation of aci-1,1,1,3-tetranitroalkanes as products of the interaction of trinitromethane with 2- 
nitro-1-alkenes makes it possible to propose the following mechanism for the addition reaction: 


(O2N)sC—CH,—C= NOOH + Bre (O2N + HBr 
237 


4 
(O2N)2C = NOO® + CH; = [ons C— CH: — é Noo®| 


R ie) 
I 


R 


(R=CHs, C2H5, p-CsH7, 1so-CsH;) 


EXPERIMENTAL 


‘1. Addition of trinitromethane to 2-nitropropene, To a solution of 4.5 g (0.03 mole) of trinitromethane 
in 10 ml of methanol, which was cooled to ~5°, was added dropwise, first, 2.0 g (0.023 mole) of 2-nitropropene 
and then 2 ml of ice water. The mixture was stirred for 10 minutes at 0° and diluted with 20 ml of ice water. 
The crystals which separated were rapidly filtered, washed with ice water, pressed well, and dried in a vacuum 
desiccator over phosphorus pentoxide. The yield was 5.2 g (95% of theoretical). Aci-tetranitrobutane is a white 
crystalline substance with a decomposition temperature of 91-91.5°. 


Found %; C 20.98; 20.77; H 2.68; 2.64; N 23.73; 23.5. CgHgN,O,. Calculated %: C 20.20; H 2.54; N 23.64. 


At room temperature, the compound decomposes in 2-3 hours, turning green and changing to a brown tar 
with the evolution of nitrogen oxides. 


Infrared spectrum (10% suspension in vaseline oil at 0°, cm~') ; 1670 (average) —-C=N-—; 1604 (strong) 
and 1310 (strong), trinitro group. 


Aci-1,1,1,3-tetranitropentane. The yield was 99%; it decomposed at 70.5-71°. 
Found %; C 23.70; 23.35; H 3.49; 3.20. CsHgN,Og. Calculated %; C 23.90; H 3.22. 
Aci-1,1,1,3-tetranitrohexane. The yield was 81.2%; it decomposed at 85-85.5°. 


Found %; C 26.74; 26.78; H 3.75; 3.86; N 20.58; 20.69. CgHyN{Og. Calculated %:; C 27.05; H 3.79; 
N 21.04, 


Aci-1,1,1,3-tetranitro-4-methylpentane. The yield was 86.7%; it decomposed at 93-93.5°. 


Found %; C 27.20; 27.30; H 3.78; 3.85; N 20.70. CgHygN Og. Calculated %: C 27.05; H 3.79; N 21.04. 


2. Preparation of 3-bromo-1,1,1,3-tetranitrobutane. A solution of 4.4 g (0.027 mole) of bromine in 10 
ml of chloroform ‘was added dropwise to a solution of 6.0 g (0.025 mole) of aci-1,1,1,3-tetranitrobutane in 50 ml 
of dry ether at 10°. The mixture was stirred for 30 minutes at 20°, and the solvent was removed by evaporation 


under a slight vacuum. The crystalline residue was washed on the filter with water, pressed, and dried in a vac- 
uum desiccator. 


The yield of 3-bromo-1,1,1,3-tetranitrobutane was 6.8 g (86.2% of theoretical), m. p. 68-68.2° (from 
hexane). 


Found %; C 15.39; 15.64; H 1.68; 1.78; Br 25.20; 25.27. CyH,NOgBr. Calculated %; C 15.17; H 1.59; 
Br 25.20. 
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THE INTERMOLECULAR LITHIUM BOND: ITS EFFECT ON THE 
VIBRATIONAL SPECTRA OF MOLECULES AND ON DIPOLE MO- 
MENT 


A. N. Rodionov, V. N. Vasil’eva, T. V. Talalaeva, 
D. N. Shigorin, E. N. Gur'yanova and Corresponding 
Member AN SSSR K. A. Kocheshkov 

L. Ya. Karpov Physicochemical Scientific Research Institute 


-6 +5 = 
We previously disclosed [1] the formation of intermolecular lithium bonds of the types ~ CH, — Li... cH 


(I) and R-O-—Li...O —Li (II). 
The lithium bond, like the hydrogen bond, is a secondary chemical bond [2]. 


Fig. 1. I. r. spectra of solutions of organolithium compounds 
of different concentrations in hexane: 1) ethyllithium: a) 
0.6 N; b) 0.27 N; 2) n-propyllithium: a) 0.53 N; b) 0.27 N; 
3) n-butyllithium; a) 0.68 N; b) 0.20 N. 


A detailed investigation of the first type (I) of lithium bond has been carried out by means of a study of 
the infrared absorption spectra of organolithium compounds. It was found that the vibrational frequency of free 
C — Li groups lies in the region of 1050-1130 cm™, while the frequency of the C — Li... group, which takes part 
in the formation of complexes based on the lithium bond, is shifted toward the longer wave-length region and 
attains a value of 875 cm—, The magnitude of the shift of the C —Li... group frequency depends on the strength 
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of the lithium bond in the complex. Other conditions being equal, the strength of the lithium bond is deter- 


mined, in turn, on the magnitude ofthe intermolecular distance (a) Li...C. For secondary chemical bonds of this 
type, the intermolecular distance should not exceed 2.7-3.0 A. Apparently, the distance (a), the strength of the 


lithium bond, and, consequently, the magnitude of the frequency shift for the C -Li... group will depend on the 
length and the structure of the hydrocarbon radical. 


With the aim of studying this relationship, the infrared spectra of hexane solutions of different cqncentra- 
tions of Alk — Li compounds in which the length of the alkyl radical varied were investigated in the present 
work. The results obtained are presented in Table 1 and Figures 1 and 2. 


TABLE 1 
Vibrational Frequencies of C-Li and C-Li... Groups in cm 


C,H,Li mC,H,Li n-C,H,Li 


0,6 N 0,2N 0,53 N 0,27 N 0,16 N 0,68 NV | 0,32 N 


875 (av)| 875 (w) 970 (w) | 975 (w) ' 975 (vw) 935 (av)| 935 (w) 
915 (w) = 995 (w) — — 962 (s)- | 962 (av)} 960 (w) 
1052 (s) | 1056 (s) 1012 :(av) -- a 988 (av)} 988 (av)} 992 (w) 
1112 (av)} 1116 (s) 4052 (s) -- — 1032 (s) |1032 (s) |1033 (w) 
1075 (s) {1082 (s) |1084 (av) (s) |1053 (av 
1130 (s) }1130 (av) 1064 (av) 1087 (s) 
(av) 


n-C,HyLi D-Cy2HyLi n-C,,H,,Li 


0,75 N 0,32 NV 0,2N 2N 0,55 N : 0,52 N 0,25 N 


1090 (s.) | 1094 (s) 


916 (s) 917 (av) 930 (w) | 923 (s) — 
1008 (s) | 1008 (av) 992 (av) 1050 (s ) — 
1053 (s) | 1052 (av) ° 1063 (av) |1069 (s) _ 

1082 tay) 1086 (s ) 1092 (s.) |1094 (av ) 
1138 (w) | 1138 (av) 


Note: Notation for band intensity: s) strong; av) average; w) weak; vw) very weak. 


Analysis of the spectra in the region of the vibrational frequencies of the C — Li... groups shows that with 
an increase in the length of the radical from C,Hs to n-C;H,; at concentrations of 0.5-0.7 N, there is a gradual 
shift in the frequencies of the C — Li... groups toward the shorter wave lengths (from 875 cm to 1000 cm~) 
(Figures 1a and 2a). In solutions of lower concentrations (0.2-0.3 N), there is an increase in the intensity of the 
bands due to vibrations of free C —Li groups (1050-1130 cm) and a sharp decrease (almost to zero) of the in- 
tensity of the bands due to C —Li... (Figures 1b and 2b). Hence, as the chain length increases, decomposition 
of complexes formed by lithium bonding begins at higher concentrations. This is seen particularly clearly in 
the compounds n-Cy,H»sLi and n-CygHg3Li, for which no band of appreciable intensity is observed in the region 
of vibrational frequencies of C — Li... groups, even at high concentrations (Table 1 and Figure 2a). 


Thus, it is seen from the experimental data that the magnitude of the shift in the vibrational frequencies 
of C —Li... groups (and, consequently, also of the strength of the lithium bond in complexes) actually decreases 
with an increase in the chain length of the alkyl radical, apparently owing to an increase in the intermolecular 
distance (a), an increase in the repulsion forces, and to steric hindrance. Moreover, the magnitude of the shift 
in the vibrational frequencies of C —Li... groups depends on the structure of the com, lex (cyclic or linear), 
which, in turn, changes with the length of the radical. Apparently, with an increase in the chain length, the 
probability of the formation of cyclic complexes through lithium bonding decreases, while the possibility of the 
formation of linear complexes increases. We previously proposed [1] that the region uf vibrational frequencies 
of C —Li... groups in dimeric cyclic complexes occurs at about 875 cm™, while that of hexameric complexes 
occurs at about 915-935 cm, vibrational frequencies of linear complexes lie in the region of 960-1030 cm, 


However, these frequency regions belonging to the different types of complexes can — —s on the 
concentration of the solution and the nature of the solvent. 


The next problem of the present work was the study of the effect uf the formation of a lithium bond on the 
polar properties of organolithium compounds and the variation in this effect with the chain length of the radical, 
with the concentration of the solution, with the nature of the solvent, and with the type of structure of the com- 
plex. With this aim, we measured the dipole moments of aliphatic organolithium compounds. 
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Fig. 2. I. r. spectra of organolithium compounds in hexane 
solutions of different concentrations. 1) n-amyllithium: a) 
0.75 N; b) 0.20 N; 2) n-dodecyllithium: a) 0.55 N; b) 0.3 
N; 3) cetyllithium. (n-hexadecyllithium); a) 0.52 N; as 
0.25 N. 


The investigation of hexane solutions of ethyl-, n-butyl-, and n-amyllithium showed that the relation- 
‘ ship between dielectric constant and concentration is linear at low concentrations (0.08-0.4 mol. %) and that it 
deviates from linearity with an increase in concentration (0.4-3.0 mol. %). Hence, it follows that at low con- 
centrations in hexane solutions we are dealing with monomer molecules and that the experimental value of the 
dipole moment, 1.15-1.20 D, is that of the monomer (i. e., it is the electric moment of the C — Li bond), while 
the deviation from linearity with an increase in the concentration indicates the presence of association; this is 

in good agreement with the infrared data. 


We established that the dipole moment of ethyllithium in benzene remains constant at 0.87 D* in the con- 
centration interval 0.08-0.43 mol, %; this is in agreement with the infrared data, which showed that ethyllithium 
in benzene does form lithium-bond complexes which are stable over the entire concentration region investigated. 
The change in the dipole moment of a complex is connected with the formation of a lithium bond, which must 
have its major effect on the nature of the orientation of the dipoles with respect to each other. Therefore, the 
formation of cyclic complexes, particularly of the "quadrupole" type, must lead to a decrease in the dipole mo- 
ment; this apparently occurs in benzene solutions of ethyllithium. 


With an increase in the length of the radical R, the amount of associated molecules in the hexane solu- 
tion decreases, and the frequencies corresponding to them are shifted toward the shorter wave lengths; the low 
frequency of the C ~Li... group, in the region of 875 cm, is observed only for ethyllithium, while in solutions 
of compounds beginning with dodecyllithium (in the concentration region investigated), frequencies assignable 
to associated molecules are not generally observed. 


* Rogers and Brown obtained a dipole moment of 0.86 D for ethyllithium in benzene [3]. 
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These results once again confirm the correctness of our previously proposed [1] assignment of the observed 
bands to C — Li groups, which was based on a comparison of the spectra of vapors and crystals of methyl- and 
ethyllithium. 


Thus, it follows from the above that both in benzene and in hexane solution, alkyllithium molecules are 
associated. Moreover, the nature of the molecular associations depends both on the nature of the solvent and on 
the structure of the radical. The lithium bond exerts a strong effect on the change in the vibrational frequencies 
of the C —Li groups and on the dipole moments of the complexes; moreover, the changes in the frequencies and ~ 
in the dipole moments depend on the length of the radical, the concentration of the solutions, and also on the 
nature of the solvent. 
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. PRODUCTION OF AROMATIC HYDROCARBONS BY CATALYTIC 


TREATMENT OF THE PRODUCTS FROM THERMAL CRACKING 
AND PYROLYSIS OF PETROLEUM 


Academician A. V. Topchiev, G. M. Mamedaliev and 
S. M. Aliev 


In connection with the extensive developments in the production of synthetic rubber, plastics, synthetic 
fibers, detergents, and other petrochemical products, the problem of the industrial production of benzene, tol- 
uene, and xylenes has acquired exceptionally important significance. 


The production of these hydrocarbons by catalytic reforming of narrow gasoline fractions, in spite of its 
extensive development abroad, is cumbersome and has a number of limitations [1-5]. For this reason, the de- 
velopment of more rational processes for the production of lowemolecular- sist os aromatic hydrocarbons has 
acquired important practical significance. 


Using as an example the catalytic treatment of mixtures of different petroleum distillates with benzene 
[6-9], it has been shown that such treatment with silica-alumina catalyst produces deep-seated aromatization 
of the hydrocarbons in raw petroleum distillates. 


The present communication reports the basic results of an investigation of the catalytic aromatization of 
thermally cracked distillates in the presence of toluene and of the raw toluene fraction from thermal cracking. 


Pressure distillate, kerosene, and still bottoms from the Baku thermal cracking unit were used as feed 
stocks. 


The pressure distillate boiled in the range of 30-199.5°. It had an iodine number of 82.5. It contained 
about 33 wt. % unsaturated hydrocarbons, about 62% paraffins and naphthenes, and 5-6% aromatics. 


The cracked kerosene boiled in the range of 121-279°; d”°, 0.8120, iodine number 50.5. It contained 31% 
unsaturated hydrocarbons, 6.4% aromatics, 16.9% naphthenes, and 45.6% paraffins. The initial boiling point of 
the cracking still bottoms was 150°. 23.4% boiled up to 320°. The major portion of the bottoms (76.6%) con- 


sisted of high molecular-weight hydrocarbons boilingabove 320°; ee gravity 0.9260; sulfonatability 15.6%; 
iodine number 25.9. 


The second component was toluene (boiling range 110-111.2°; nD 1.4973; d”°, 0.8665; sulfonatability 
100%; bromine number 0.16) or a raw toluene fraction from the cracking unit, which boiled in the range 89.5- 


142.5°,d”, 0.8529; n™D 1.4880; iodine number 67.8; sulfonatability 100%. It contained 73.2% aromatic hy- 
drocarbons and 26.8 wt. % unsaturates. 


The experiments were cairied out in a laboratory apparatus with a flow-type reactor. The effects of var- 
ious factors were studied, and optimum conditions were established for xylene production. 


The weight ratio of cracked distillate to toluene in the feed was 1: 2. The catalyst was synthetic silica~- 
alumina from the Baku and Grozny catalyst plants. 


The catalytic treatment of the mixture of pressure distillate, kerosene, or cracking still bottoms with tol- 
uene was accompanied by deep-seated aromatization of the hydrocarbons in the original distillate. The yield 
of benzene, xylenes, alkylaromatic fraction (149-180°). and light gasoline boiling up to 76° depended on the 
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composition of the original feed and varied, respectively, within the limits 16-20, 29-44, 17-30, and 2-16% 
based on the cracked distillate. The consumption of toluene varied in the range of 25 to 45 wt.% based on the 
total amount of aromatic hydrocarbons produced. The coke yield was 3.1-4.5%, and the gas yield was 4.1-4.4%, 


More significant results were obtained by the treatment of a mixture of the above-mentioned cracked dis- 
tillates with the raw kerosene fraction from the thermal cracking unit. The characteristics of the catalyzates 
and of their aromatic fractions are presented in Tables 1 and 2. 


TABLE 1 


Characteristics of the Products from the Catalytic Treatment of Mixtures of Thermally 
Cracked Distillates with the Raw Toluene Fraction from Thermal Cracking. (Conditions; 
temperature, 525°; pressure, 15 atmos; space rate 0.5 hrs~1) 


Cracked kero~ Cracking 
sene:toluene | Catalyzate bottoms: toluene] Catalyzate 
Product composi- (Exp. 71) (Exp. 72) 
20 f 20 
frac- frac- frac- 
tion i tion i 
wt. % Wt, ‘/0 
Init. b, p, 78,0°nit, b. p. 32.0° | Init, b.. p, 79,5°|Init. p, 32,5° 
To 50° 2,24) 41,3750 1,94] 1,3745 
50—76 2,70) 1,4238 2,80} 1,4229 
76—78 0,40) 1,4689 | — ~ 0,50] 1,4676 
78—83 1,10} 1,4826 | 12,20) 1,4813 | 1,05) 1,4825 | 15,40) 1,4884 
83—88 4,30] 1,4848 | 0,40] 1,4710 | 1,22) 1,4851 | 0,43] 1,4764 
88—95 4,52) 1,4856 | 0,53) 1,4665 1,48) 1,4858 | 0,53) 1,4675 
95—103 2,75| 1,4854 0,45] 1,4658 | 2,44) 1,4863 | 0,50) 1,4674 
103—108 1,54] 1,4864 0,30) 1,4723 1,01] 1,4864 0,46} 1,4728 
108—113 37,42] 1,4866 | 34,00} 1,4923 | 39,85] 1,4884 | 35,80} 1,4933 
113—118 0,95} 41,4758 | 0,48) 1,4825 0,98) 1,4816 | 0,45) 1,4895 
118—125 0,84) 41,4754 0,40) 1,4812 1,00) 1,4796 | 0,42) 1,4878 
125—132 1,45} 1,4695 0,43) 1,4832 1,52) 1,4784 | 0,46) 1,4 
132—136 2,27} 1,4821 | 0,48} 1,4800 | 2,75) 1,4798 |. 0,51] 1,4869 
136—144 6,05} 1,4899 | 16,75) 1,4913 7,57) 1,4895 | 15,60) 1,4916 
144149 1,32] 1,4860 | 0,58) 1,4904 0,95) 1,4900 | 0,56) 1,4919 
149-160 2,10} 1,4715 | 4,30) 1,4875 1,91} 1,4901 2,40} 1,4935 
160—165 2,80} 1,4518 1,70| 1,4865 1,20} 1,4915 1,25} 1,4969 
165—175 1,24] 1,4496 | 3,41] 1,4842 1,10) 1,4926 6,60} 1,4979 
175—180 2,10) 1,4441 1,65) 1,4800 | 0,90) 1,4918 1,30} 1,4987 
180—185 1,85) 1,4443 5,15} 41,4770 0,80) 1,4917 2,82) 1,4995 
185 — end point 20,60} 1,4555 4,00} 1,4769 6,00} 1,4919 | 2,64} 1,4984 
End-point °C 248,0 202,0 222,0 205,0 
Total yield % 89,2 92,55 73,76 93 ,38 
Residue ,% 40,0 6,9 25,8 5,64 
Loss ,% 0,8 0,55 0,44 1,01 
Material balance 
wt, 
catalyzate 90,0 89,0 
loss 1,6 1,2 


Dee p-seated stabilization of the unsaturated hydrocarbons took place during the course of the process, and 
the iodine number decreased from 55-70 in the feed to 0.2-0.3 in the product. 


The yields of benzene, toluene, an | xylene fractions from the treatment of mixtures of cracked kerosene 
and of cracking still bottoms with the toluene fraction were, respectively, 12-15, 34-36, and 16-17% of the cat- 
alyzate. The sulfonatability of the benzene. fraction varied in the limits 88.6-92.6%, that of the toluene fraction 


was 97-99%, and that of the xylenes was °5.6-96.2%. The yields of catalyzate, gas, and coke were ~90%, 5.0- 
5.1%, and 3.4-4.7%, respectively. ; 
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TABLE 2 


ic Fractions 


Characteristics of the Feed Stocks, the Catalyzates, and Their Main Aromat- 


* lodine number 


TABLE 3 


Material Balance Over the Process 


Cracked Cracking 
characteristics sed wt| (Exp. 71) fraction(wt.| (Exp. 72) 
ratio 1: sy tatio 1:2), 
0,8244 | 0,8324 0,8804 | 0,8834 
no 1,4699 | 1,4790 _ 1, 4804 
Sulfonatability, % 80,14 ° | 88,5 89,6 92,0 
Iodine number 64,4 0,3 55,0 0,2 
718-83° fraction 
Yield, wt, % | 12,2 1,05 15,4 
~ 0,8450 0,8537 
Sulfonatability, % _ 88,6 ~ 92,6 
Bromine number 0,08 0,09 
108-113" fraction 
Yield, wt. % 37,42 34,0 39,85 35,8 
0,8478 | 0,8610 0,8486 0, 8623 
Sulfonatability 5% 98,8 96,9 100,0 98,8 
Bromine number 34,4* 0,08 35,2 * 0,0 
136-144? fraction 
Yield, wt, % 6,05 16,75 7,57 15,6 
di 0,8501 | 0,8600}  0,8500 | 0,8604 
Sulfonatability ,% 100,0 95,6 100,0 96,2 
Bromine number 70,6* 0,0 69,6 * 0,0 


Product 


Mixture I-II 


Mixture I-III 


0 


used, wt, obtained, us 
wt, % |% 


ed, wt.jobs 
wt, 


ained, 
% 


Feed: 


I, Cracked kerosene 
II, Cracking still bottoms 
Ill, Raw toluene traction 


Products: 


fraction 
(init, b, p, 2u5°) 
Fractions: 


Benzene 

ylenes 
components 


Gas 
Coke 
Loss 


Stable, highly aromatized 


Light gasoline, to 76° 


Gasoline alkylaromatic 


Fraction above 205° 


33,3 


66,7 


& 


33,3 
66,7 


Son 


8 


o 


| 

a 

‘ 
= 
— 
Total 100,0 | 

6 


Investigation of the product xylene fractions gave the following composition: para-xylene, 19-22% meta- 
xylene, 35-41%; orthoxylene, 27-31%; ethylbenzene, 6-10%; and about 3-4% unsaturated hydrocarbons, 


A material balance over the process is shown in Table 3. 


These data show that catalytic processing of products from thermai cracking and pyrolysis processes has 
a number of advantages, and its practical application would permit increased resources of benzene an low- 
molecular-weight alkylbenzenes. 
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CATALYTIC CONDENSATION OF 9-METHYL-(1, 2), (7, 8), - 
-DIBENZOXANTHENE WITH AMMONIA 
V.L. Vaiser, V. D. Ryabov and aA: K. Ostroumova 
| (Presented by Academician A, V. Topchiev, October 24, 1958) 
We prepared methyldibenzoxanthene (I) by alkylationof 6 -naphthol with acetylene in alcohol solution in F 
| the presence of H3PO,, BF; catalyst and 1 gram of mercuric oxide [1] by the reaction 
—OH 
OH 
/\ CHa /\ 
| | de | | du | } 
3 Compound (I) formed white crystals with m.p. 173° and b.p. 268 — 269° at 8 mm, which were soluble in . 
‘ acetone, acetic acid and ether and in n-heptane and benzene with heating. 
. The interaction of the simplest heterocyclic compounds with ammonia was investigated in the work of 
Yur'ev 
: On the basis of the general scheme of Yur'ev's reaction, the interaction of (I) with ammonia may be rep- 
- resented by the following equation: 
| CH | | bu | | 
| 
NH 
- As a result, one would expect the formation of an acridine derivative, namely 9-methyl-(1,2), (7,8)- 
dibenzo-9,10-dihydroacridine. 
s We carried out this reaction inthe apparatus in Fig. 1. Into the dropping funnel 3 was loaded 20 g of (1), 
es dissolved with heating in benzene (200 g). Into the reaction tube 5, filled with aluminum oxide (100 — 125 ml), 
o was passed the solution and ammcnia from a tank. The temperature of the electric furnace 4 was maintained 
with a laboratory autotransformer. The reaction products were condensed in the receiver 6. The first experi- 
248 


ments, under the conditions found by Yur'ev for the reaction of furan with ammonia, did not give positive re- 
sults and unreacted product ({) was recovered at 350 — 400°. Raising the temperature to 500° and the use of fresh 
aluminum oxide led to decomposition of (I). After many experiments suitable zeaction conditions were found, 
namely, a temperature of 470° and a volume rate for the imput of the benzene solution of (I) of 0.4 hours™!, 
The reaction proceeded under milder conditions with 
better results when catalyst that had been used previous- 
ly in one or two experiments was used, 


Distillation of the reaction products usually yielded 
two fractions: 1st, 90 — 140° at 2 mm, which solidified as 
a white crystalline mass and the 2nd, 240 — 290° at 2 mm, 
which solidified as a yellow crystalline mass. 


After careful distillation and recrystallization, the 
first fraction yielded white crystals with m.p, 112° and b, 
p. 131 — 132° at 2 mm, which we identified as 6 -naph- 
thylamine (handbook data: m.p. 113° and b.p. 306°), 
molecular weight: found 142, calculated (CyH;NH,) 143. 


After careful distillation and recrystallization, the” 
second fraction with b.p. 240 — 290° at 2 mm yielded 
light yellow crystals with m.p. 213° and b.p. 251 — 253° 
at 2mm. We identified these crystals as 9-methyl-(1,2), 
Fig. 1 -(7,8)-dibenzo -(9-10)-dihydroacridine. Molecular weight; 
found 292, 294; calculated (C,,H,;N) 295. 


Elementary analysis: 
Found %; C 89.89; 89.79; H 5.13; 5.11; N 4.7; 4.7 (CypHy7N). Calculated %: C 89.5; H 5.7 N 4.7. 
9-Methyl-(1,2), (7,8)-dibenzo-9,10-dihydroacridine was obtained for the first time by us. 
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INTERACTION OF 2-BROMO-2-PHENYLINDANDIONE-1,3 WITH 
GRIGNARD REAGENTS 


Academician of the Academy of Sciences, Latvian SSR, 
G. Ya. Vanag and E. Ya. Lukevits 
Institute of Organic Chemistry, Academy of Sciences, Latvian SSR 


In 1912 A. Umnova obtained 2,2,4-trimethylpentanone -3 by treating 2,4-dibromo -2,4-dimethylpentanone - 
3 with methylmagnesium iodide [1]. She considered that one bromine atom in a position a to the carbonyl group 
was replaced by MgI [2]. Later it was found that a derivative of the enol form of the ketone was formed in this 
reaction [3, 4]. Replacement of a halogen by hydrogen under the action of a Grignard reagent was also observed 
in the case of halogen substituted 8 -diketones [5]. In the latter case Kohler and Tischler put forward the follow- 
ing reaction scheme [6]. 


RCOCHCOR + R'MgX' RCOCH=C—R + R'X 
k OMox' 

RCOCH,COR 

If the a-haloketone is strongly enolized, however, replacement of halogen by hydrogen does not occur and 
the hydrogen of the enol group reacts with the Grignard reagent. For example, 2-bromocyclohexanedione -1,3 (1) 
reacts with phenylmagnesium bromide by the following scheme [7]: 


oH, Gh CH, 
o=C o=c C—OH o=C C—OMgB 


1 


H Br Br 


In the interaction of 2-bromo-2-phenylindandione -1,3 (II) with trimethylsilylmethylmagnesium chloride, 
we observed the formation of 2-phenylindandione -1,3 (III). In order to check the scheme of Kohler and Tischler, 
we reacted 2-bromo~2 phetiylindandione -1,3 (II) with ethylmagnesium iodide. When the reagents were taken in 
equivalent amounts, we isolated 2-phenylindandione -1,3 (III) from the reaction mixture. With excess ethylmag- 
nesium iodide, the second carbonyl group also reacted and 3-ethyl-2-phenylindanol -3-one-1 (IV) was obtained. 


Pow cattsmel 


Cc 


fic, 
Calls 
co 


| 
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ut 

C,H 
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The later was converted into 3-ethyl-2-phenylindenone-1 (V), which has been described in the literature [8]. 


In work with Grignard reagents, it was observed that phenylmagnesium bromide and iodide, which are ox- 
idized in air, luminesced. When drop of an ether solution of phenylmagnesium bromide was put onto filter pa- 
per in the dark, a bluish luminescence was observed, which rapidly died out. On rubbing with a rod, the lumines- 
cence again appeared. The luminescence of phenylmagnesium iodide was less intense than that of the bromide. 
A weak luminescence was also observed when an ether solution of phenylmagnesium bromide was poured from one 
vessel to another in the dark. A benzene solution of phenylmagnesium bromide also luminesced in the.dark on 
oxidation. Methylmagnesium iodide ‘and ethylmagnesium bromide showed no luminescence at all. 


EXPERIMENTAL 


1. A molar ratio of diketone to C,H;Mgl of 1: 1. To the Grignard reagent prepared from 0.18 g of mag- 
nesium and 1.2 g of ethyl iodide was added a suspension of 2.3 g of 2-bromo-2-phenylindandione -1,3 in ether. 
The solution was heated on a water bath for 3 hours. The reaction mixture was treated with dilute hydrochloric 
acid and filtered. The precipitate was recrystallized from benzene to give 1 g of 2-phenylindandione-1,3 with 
m.p. 147 — 148°, which did not depress the melting point of 2-phenylindandione-1,3. The filtrate yielded a fur- 
ther 0.2 g of 2-phenylindandione-1,3. The total yield of 2-phenylindandione-1,3 was 71%, 


2. A molar ratio of diketone to C,H;Mgl of 1:5. To the ethylmagnesium iodide prepared from 0.8 g of ° 
magnesium andd.2 g of ethyl iodide was added 2 g of 2-bromo-2-phenylindandione-1,3. The mixture was heat- 
ed on a water bath for 6 hours. Part of the solution was distilled and a fraction 37 — 39° collected. It was treat- 
ed with sodium in ethanol and after acidification with nitric acid, bromine ion was detected. The remainder of 
the solution was treated with dilute hydrochloric acid, carefully neutralized with sodium carbonate solution and 
the ether layer separated. The aqueous layer was extracted three times with ether. The ether extracts and the 
ether layer were combined and the ether removed, Theresidual yellow liquid was placed in a refrigerator. On 
the following day, the orange crystals were isolated. They were dissolved in chloroform and the filtrate evapo- 
rated. The yield was 0.2 g of 3-ethyl-2-phenylindanol-3-one-1 (IV). The m.p, was 82 — 83°. 


Found %; C 80,55; H 6.42 Cy7HyO2. Calculated %: C 80.96; H 6.35. 


A solution of 3-ethyl-2-phenylindanol-3-one-1 in benzene was treated with potassium bisulfate to yield 
3-ethyl-2-phenylindenone-1 (V) with m.p. 96 — 98°, which corresponds with literature data [8]. The product 
dissolved in concentrated sulfuric acid with a green color, which is characteristic of phenylindenones (9, 10). 


Thus, in the interaction of 2-bromo-2-phenylindandione-1,3 with ethylmagnesium iodide, a bromine atom 
is first replaced by MgI with the formation of the enolate and then, with excess Grignard reagent, the second car- 


bonyl group reacts. 
| LITERATURE CITED 
(1) A. Umnova, J. Russ. Phys. Chem. Soc., 44, 1395 (1912). 
(2] A. Umnova, J. Russ. Phys. Chem. Soc., 45, 881 (1913). © 
[3] A. Lowenbein and L. Schuster, Lieb. Ann., 481, 106 (1930). 
[4] C. H. Fischer, Th. S. Oakwood and R. C. Fuson, J. Am. Chem. Soc., 52, 5036 (1930), 
[5] E. P. Kohler and J. L. E. Erickson, J. Am. Chem, Soc., 53, 2301 (1931). 
[6] E. P. Kohler and M. Tischler, J. Am. Chem. Soc., 54, 1954 (1932). 


[7] I. A. Nazarov and S. I. Zav'yalov, Bull. Acad. Sci. USSR, Div. Chem. Sci., 200 (1958), 


(8] D. Dalev, J. Pharmacy and Pharmacol., 1, 401 (1949). 
[9] R. D. Fazi, Gazz. chim. ital., 46, 1, 268 (1916). 
[10] R. D. Fazi, Gaz. chim. ital., 54, 996 (1924). 


Received November 12, 1958 


INVESTIGATION OF HYDROCARBONS OF THE CYCLOHEXANE AND 


DECALIN SERIES IN KEROSINE OF BAVLINSK (DEVONIAN) OIL 


O.N. Grishina and V. K. Gonik 


Chemical Institute, Kazan Branch of the Academy of Sciences 


(Presented by Academician B. A. Arbuzov, January 23, 1958) 


The present work is the continuation of an investigation of the chemical composition of kerosine of Bavlinsk 
(Devonian) oil [1, 2] and is devoted to a study of the hydrocarbons of the cyclohexane and decalin series. 


The hydrocarbons of this series are the main hydrocarbon components of the bulk of oil and their study is of 
scientific and practical interest. 


The work of the Petroleum Institute of the Academy of Sciences of the USSR makes it possible to establish 
the group composition of oil hydrocarbons of the cyclohexane and decalin series (3, 4]. By catalytic dehydrogena- 
tion [5] and chromatographic and spectral analyses, the presence of a series of hexahydroaromatic hydrocarbons 
and also of dihydroacenaphthene was detected in kerosines of Romashkin and Tuimazin oils. 


The chemical structure of the hydrocarbons given above in kerosine of Tuimazin oil was established by 
spectral analysis of the aromatic hydrocarbons isolated from the dehydrogenation product of a wide kerosine frac- 
tion (b.p. 182 — 310°) and fractionation by type by adsorption on silica gel. The. analysis results indicated the 
similarity in the group composition of the fractions, collected over narrow intervals of refractive index and con- 
sisting of alkyl-substituted benzenes. 


In the present work a study was made of the group composition of secondary arornatic hydrocarbons, sep- 
arated according to molecular size by rectification. Dearomaticized and deparaffinated kerosine(b.p. 207 — 300°) 
of Bavlinsk oil was catalytically dehydrogenated on a platinum-iron catalyst at a volume rate of 0.6 hour in 
the form of two fractions. 


It is known that kerosine fractions are dehydrogenated with much more difficulty than benzines and side 
products are formed by destructive side reactions. In the present work it was noted that the dehydrogenation 
proceeded, the catalyzate acquired a blue tinge. 


In the literature there are reports of the possibility of the formation of hydrocarbons with a blue color of 
the azulene class of compound during pyrolysis [6]. There is also a series of papers reporting the isolation and 
identification of hydrocarbons of this class from tar of semicoking lignite [7, 8]. This gave us the idea that the 
blue tinge acquired by the catalyst was also connected with the formation of azulenes. For confirming this hy- 
pothesis, we made use of literature data on methods of isolating and identifying azulenes [9]. Their isolation 
was based on their capacity to form a complex with concentrated phosphoric acid, which decomposed when 
treated with water. Further purification was achieved by adsorption on aluminum oxide. By these methods we 
were able to obtain a blue benzene solution from the kerosine catalyzate. The behavior of the solution (change 


of the biue color to green in air) and also its spectrum, plotted in the visible region, were typical of azulenes 
(Fig. 1). 


It must be noted that at temperatures above 270°, azulenes are capable of being converted into naphthalene 
hydrocarbons [10] and this could be reflected in the results of determining the decalins in the kerosine fractions. 


AG 
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Dehydrogenation of 376 g of the first kerosine fraction with the constants, b. p. 207 — 233°, d,”” 0.7947; 
nD 1.4405, solidification point -52.5°, gave 8% of secondary aromatic hydrocarbons. They were separated 


on a column of 26 theoretical plates to give a series of narrow fractions, whose characteristics are given in 
Table 1, 


The constants of the fractions and their spectra, plotted on an SF -4 spectrograph for each fraction and 


compared with literature data [11], indicate that the bulk of the secondary aromatic hydrocarbons consisted of 
monocyclic aromatics, 


700 600 


500A 


Fig. 1. 1) lg (Ip/1) for benzene solution; 2) 


€ for 2-methylazulene [8]. 


G7 q 
2 
95 woo A 


A 


The first five fractions had intense absorption 
maxima characteristic of alkylbenzenes. The absorp- 
tion regions of all the fractions were at the same wave 
lengths, 2600, 2620; 2650; 2680; 2730, 2782 A(lg € 2,44; 
2.46; 2.50; 2.48; 2.46; 2.20), indicating the similar- 

ity of their group composition. 


However, a detailed examination of the spectra 
revealed some difference in them. Thus, the absorption 
in the region of 2730 and 2782° A , indicating the pres- 
ence of tetraalkyl-substituted benzenes, became less 
intense in going from fraction I to subsequent ones and 
the maximum at 2780 A in the spectrum of fraction IV 
was converted into a plateau, Apparently, with an in- 
crease in the boiling point of the fractions from 197 to 
230° the content of tetrasubstituted benzenes decreased. 


\ 
98 
4 
g7 
96 
* 3000 5100 3200 A 


Fig. 2. Absorption spectra. 1) fraction IV (M = 0); 2) fraction V (M= 0); 3) 
fraction VI (M = 0.2); 4) fraction VII (M = 0); 5) fraction VIII (M = 0.05); 6) 


fraction IX (M = 0.1). 


The most intense maxima at 2620, 2650, 2680 and 2730 A indicate that the aromatic hydrocarbons were 


mainly meta- and para-substituted benzenes and 1,3,5-trialkylbenzenes. The presence of monosubstituted ben- 
zenes was also possible. 
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Starting with fractions VI, the total intensity of the spectra increased and with fraction VIII, the absorp- 
tion region of alkylbenzenes was covered. This was connected with the appearance of naphthalene hydrocar- 
bons in the fractions. They could not be isolated by the picrate method. The spectra of fractions IV — IX in 
the long-wave region (3000 — 3300 A) were then plotted (see Fig. 2). .The maxima (3090 and 3140 Aand 3050, 
3115 and 3190 A) ee indicated the presence of a- and 6 -methylnaphthalenes. 


The spectrum of fraction IX had a sharply express- 
ed maximum at 3185 A. From the boiling point, this 
fraction could have contained ethyl- and dimethylnaph- 
thalenes. The absence of absorption in the region of 
3200 — 3250 A and the intense absorption in the region 

. given above indicate the presence of ethylnaphthalenes 


only. 


’ \l Dehydrogenation of 490 g of the second kerosine 


2 -s 


S 


fraction with the constants, b.p. 233 — 300° d”", 0.8220, 

> np 1.4503, and solidification point -58° was carried 
ed 


my, out under analogous conditions. The yield of secondary 


lg ——— 


2 & 


\ 
* aromatics was 15%, For a more careful separation of 
we the aromatic hydrocarbons from the unsaturateds formed 
aie and of the benzene hydrocarbons from the naphthalene 
\ hydrocarbons, the secondary aromatic hydrocarbons were 
separated by absorption on silica gel (Table 2). 


8 


The first three fractions consisted mainly of un- 
100 200 saturated hydrocarbons (iodine number 130) and were 
not investigated. 


Fig. 3. Absorption spectra of fractions con- The refractive indexes of the following six frac- 

taining naphthalene homologs. 1) 239 — tions corresponded to the constants of monocyclic aro- 

250°; 2) 250 — 253°; 3) 253 — 269°; 4) 269 matics. The increase in the refractive index in fraction 

— 281°; 5) 281 — 287°. X occurred as a result of the appearance of naphthalene 
hydrocarbons, which constituted the bulk of fractions 
XII — XV. 


TABLE 1 TABLE 2 


Properties of Aromatic Fractions, Obtained As Refractive Indices of Aromatic Fractions 

a Result of Distillation on a Column Obtained As a Result of Adsorption on Silica 
= Gel(2nd kerosine fraction) 

B.p. in a B.p. in 


a? 
at 22 mm 160 mm 


Fraction 


Fraction 
Yield 
Fraction 


in’ g 


95—104 |197—210] 0, 1,4870 

404—109,5| 210—217| 0.8632 | 1.4870 
409,5—111 |217—220] 0. 44885 1,4619 

114—115,5| 2202261 0; 4°4912 1,4665 
115,5—118, 5] 226—230| 0.8722 | 4.4940 
118,5—120,5| 230—232 | 0:8774 | 1.4946 1,4790 
120,5—122,5| 232234 | 0,876 |1,4942 
122,5—125,5| 234—238 | 0.8757 | 1/4943 

=" ’ 

125,5—128, 5] 238—243 | 0, 1 ,4670 41,4950 
44950 


1,5128) — 
1,5320) — 
1 ,5558)4 , 9527 
1 ,5628)0, 9630 
1 ,5763)0, 9924 
1, 5868/0, 9953 


After separation of the aromatic hydrocarbons according to type, they were separated according to molec- 
ular size. For this purpose, the combined aromatic fractions IV — IX, consisting of monocyclic aromatics, were 
distilled on a column of 26 t.p. The same was done with fractions XII — XV, which were a concentrate of the 
naphthalene hydrocarbons. For separation of the latter into homologs, due to their small amount, it was neces- 
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sary to dilute the aromatic fractions with a mixture of pure n-tetradecane and n-hexadecane. The character- 
istics of the fractions obtained as a result of distillation of the monocyclic aromatics are given in Table 3. 
Their spectra had sharp maxima at the same wavelengths; 2600, 2650; 2680; 2730 and 2780 Kage 2.34; 2.36; 
2.39; 2.36; 2.26; 2.15; the total absorption intensity up to the last fraction increased by 0.22), which also coin- 
cide in position with the maxima of the secondary aromatics of the first kerosine fraction. 


TABLE 3 In the work of the Petroleum Institute of the 


Properties of Aromatic Fractions Obtained by Distilla- 
0: that under the accepted conditions, the dehydrogena- 
tion of hexamethylene hydrocarbons did not produce 
e B.p. in essential changes and it was considered that the aro- 
Frac- pit in Cc, °C, at dj? matic hydrocarbons obtained corresponded to the naph- 
| thene hydrocarbons. 


Bearing this in mind and starting from the data 


145—126/15 | 236—250 | 0,8547 obtained on the structure of the secondary aromatic 
136/43 hydrocarbons of Bavlinsk kerosine, one arrives at the 
136/13—128/6 | 269--282 | 0/8676 ¢ conclusion that the naphthene hydrocarbons of the 
cyclohexane series over the whole boiling range of 
137-—-140,5 76 | 294—299 | 0.8766 the kerosine have the same type of substitution. 


As regards the bicyclic aromatics, spectral a- 
nalysis of the fractions obtained by distillation with 
n-paraffins, showed the presence of ethyl-, dimethyl- and trimethylnaphthalenes (Fig. 3). Thus, naphthenes of 


the decalin series in kerosine from Bavlinsk oil are the methyl substituted homologs from methyl to trimethyl- 
decalins and ethyldecalins,. 


In conclusion, we would like to thank Academician B.A. Arbuzov for valuable advice during the investiga- 
tion and also the director of the Petroleum Laboratory of the Kazan Branch of the Academy of Sciences of the 
USSR, R.A.Virobyants, for interest in the work. 
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INVESTIGATION OF ABSORPTION SPECTRA OF ALKYLIMINES 
OF o-HYDROXYCARBONYL COMPOUNDS 


L. A. Kazitsyna, L. L, Polstyanko, N, B. Kuplet-skaya, 
T. N. Ignatovich and Corresponding Member of the 


Academy of Sciences, USSR A. P, Terent’ev 


In the determination of the character of the bond between a metal and donor atoms in internal complex 
compounds, use is made of comparison of the spectra of the starting addends and the internal complex compounds 
obtained; preservation of the character of the spectrum of the addend in the internal complex compound serves as 
an indication of the formation of an "ionic" bond; on the other hand, an essential change in the form of the spec- 
trum of the starting compound in the complex obtained leads to the conclusion that a covalent bond is formed be- 
tween the metal and the donor atoms [1]. With the formation of an “ionic” bond, the magnitude of the shift in 
the absorption band of theinternal complex compound, which belongs to the addend. gives an indication of the 
strength of the bond formed [2]. 


The object of our investigation was to study the absorption spectra of internal complex compounds with such 
addends as acetylacetone, salicylaldehyde, o-hydroxyacetophenone, 6 -hydroxynaphthalene and their alkylimines 
[3]. All the compounds listed form hydrogen bonds of various types and strengths. 


To explain the changes in the spectra of the addends given, as a result of hydrogen bond formation, we in- 
vestigated their electronic spectra in various solvents. 


TABLE 1 


Absorption Spéctra of Alkylimines and Their Ethers in Nonpolar Solvents — Isooctane and 
in CCl, (latter in parenthesis) 


Carbonyl compounds 


methyl ether of o-hydroxyaceto- 
Alkylimine salicylaldehyde salicylaldchyde phehione 


em7!+ 1073 cem7?.1073 


Ig 


=NH* insoluble (32,5) |(3,73) (30,9) | (3,44) 


a 32,6 | 3,65 
= NCHs 40,4 | 4.45 


32,4 3,79 31,0 3,59 


= NGH 
40,8 | 4,45 39,6 | 3,90 
32,4 | 3,86 31,0 | 3,65 


40,4 14,59 | | 39,5 | 3,95 
= NCH,CH.N = (32,7) |(4,06) 
= N (CHz).N = 


== NC,Hy 


* The analysis of the alkylimines corresponded to the formulas: [5]. 
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For the addends containing only oxygen as donor atoms, hydrogen bond formation did not produce any es- 
sential changes in the character of the spectrum and only appeared as a slight shift in the main absorption bands 
towards longer wave lengths. On the other hand, such addends as the alkylimines of salicylaldehyde and o-hydrox- 
yacetophenone were characterized by the appearance of a new absorption band in the region of 25000 em, 
whose presence and intensity was determined by the solvents used. In inert solvents (isooctane and carbon tetra- 
chloride) the spectra of alkylmines were similar to the spectra of oxygen compounds, not only in character but 
also in the position of the absorption bands and in this case the hydrogen bond also appeared as a shift {n the 
main absorption bands in the red direction by 1500 — 2000 cm™! (Table 1). 


(1) 


CH==NC,Hg 
OCH; 
(11) 


CH==NC,Hg 
\/ OH 


1 


Fig. 1. Absorption spectra; 1)(I) in isooctane; Fig. 2. Absorption spectra: 1) in 
2) (I) in CHCl; 3) (1) in CH,OH; 4) (I) in pyr- CH,OH; 2) in CHCl,; 3) in pyri- 
idine; 5) (II) in CHCl . dine; 4) in isooctane. 


As a result of an investigation of the absorption of alkylimines of salicylaldehyde and o-hydroxyaceto- 
phenone in polar solvents (in which investigations of absorption spectra of internal complex compounds are usual- 
ly made) it was found that their spectra differed essentially from the spectra in inert solvents and consequently, 
from the spectra of oxygen compounds; in this case, the introduction of a nitrogen atom caused the appearance 
of an absorption band in the region of 25,000 cm! whose intensity changed in relation to the character of the 
polar solvent; it was most intense in methyl alchohl (lg € = 3.0 — 3,5 for salicylimines and lg € = 3.25 — 3.9 for 
alkylimines ofo-hydroxyacetophenone); its intensity fell for solutions in chloroform (lg € = 1.9 ~ 2.5 for alkyli- 
mines of salicylaldehyde and lg € = 3.2 — 3.6 for alkylimines of o-hydroxyacetophenone)and it appeared as an 
inflection in pyridine solution (1g € = 1.2 — 2,25 for alkylimines of salicylaldehyde and lg € = 2.6 —3.1 for alky- 
limines ofo-hydroxyacetophenone)(Table 2 and Figs. 1 and 2). The figures show the spectra in various solvents 


for only one representative since the spectra of alkylimines of both salicylaldehyde and o-hydroxyacetophenone 
were similar to each other. 


A comparison of the obtained spectra of alkylimines of salicylaldehyde and o-hydroxyacetophenone shows 
that the intensity of the band in the regionof25,000cm for the latter compound was so much greater that it 
merged with the band in the region of 31,000 cm; the latter only appeared clearly in such solvents as chloro- 
form and pyridine, for which the intensity of the band in the region of 25,000 cm™ was strongly reduced. 


The three bands only appeared separately for the ethylenediimine of o-hydroxyacetophenone, evidently 
due to the higher intensity of the band in the region of 31,000 cm™ (Fig. 3). 


(Fin? 4+ 
| XZ! | | 
| 
i ; 
2 
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TABLE 2 


Absorption Spectra of Alkylimines of Salicylaldehyde and o-Hydroxyacetophenone in Polar 
Solvents 


Solvent 


methyl alcohol chloroform 
icm-!.107 cm7!+1073 


Substance 


YYNon 


= NC;H, 


S/\on 


a su = NC,H, 


( 


Zu = N N = 


HO“ SY 


OS GW www 


(| 
7 


inflection 
in the 


( = N = an of 


| | || 314 


. . 

pytidine 

€ 
em7-10 
a 
25,0 2,99] 24,0 14,89 | 24,6 | 4,20 
3,7. ’ ’ 

= NCH, 25,3 B15] 24,6 24,3 | 1,73 
32,0 8,45] 31,7 |3,60 | | 
39,8 6,95} 39:2 | 

4 25,3 25,0 | 2,54 24,3 | 1,80 
31,7 31,7 14,06 | 31:5 | 3,52 
40,0 39,2 14,65 

= 25,3 24,6 | 2,27 25,3 | 2,04 
31:7 31,7 |3,68 | 31/2 | 3°78 
36,3 39:2 14147 
40,0 

25,0 25,0 [2,04 | 24,3 | 4,84 
31,7 31,7 |3,69 | | 
39,2 38,9 | 4/08 

: 

25,0 24,3 |2,54 | 24,3 | 2,27 
31,7 31,7 13:95 | 34/7 | 4°33 
36,1 30:2 14°64 

39/2 

25,5 B56] 25,0 |3,60 | 24,8 | 3,43 
37,0 B,89] 31,2 [4:47 | 3454 | 3°35 
Ps | 39,2 4,29 

W\on 

a CH, 

Am NCH, 26,0 6,53] 25,3 |3,19 | 25,5 | 2,65 
36,8 8,76] 31,2 [3,52 | 31:5 | 3°42 
39,6 3,92 

OH, 

a C=NGH, 25,8 8,70] 25,4 3,27 25,5 2,87 
36,5 6,89] 31,4 13/56 | 31:0 | 3°60 
| | 39.6 | 3/99 

_ C=NC,H, 26,0 8,67 | 25,5 3,23 25,5 3,00 
36,9 8,90] 31,2 {3°50 31,9 | 3,74 

CH, CH, 
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In the methy ethers of the alkyiimines of sali- 
cylaldehyde, the band in the region of 25,000 cm™! 
did not appear in polar solvents either; it was also ab- 
sent with acid solutions of salicylalimines. This indi- 
cates that the reason for the appearance of the band in 
the region of 25,000 cm was the interaction between 
the hydrogen atoms of the hydroxyl group and the un- 
shared pair of electrons on the nitrogen atoms, which | 
only occurred in polar solvents. The nature of this in- 
‘teraction and the reasons for the appearance of a char- 
i acteristic band in polar solvents will be the subject of 
# subsequent work, 

i As a result of the investigations, it is clear that 
HI the spectra of such addends as the alkylimines of sali- 
; cylaldehyde and o-hydroxyacetophenone should not be 
CH; 
compared directly with the spectra of internal complex 
on viene © compounds obtained from them in dealing with spectra 
in polar solvents. Since the internal complex compounds 
Pee , of the alkylimines of salicylaldehyde and o-hydroxyaceto- 
2 & wd 3 W@ 45cm phenone are insoluble in inert solvents as a rule and their 
WP MG <csnincttinn spectra have to be plotted in such solvents as chloroform 
and alcohol, then in determining the character of the bond, 
Fig. 3. Absorption spectra: 1) in CH,OH; it is necessary to make a comparison with the spectra of 
2) in CHCl ; 3) in pyridine. the alkylimines in nonpolar solvents; in the case of “ionic” 
compounds, the relative bond strength is best determined 
in relation to the spectrum of the methyl ether of the corresponding addend in nonpolar solvents, i.e, in relation 
to a spectrum which does. not change under the action of intermolecular or intramolecular interactions, 
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PREPARATION OF ALKYLPHENOLS BY ALKYLATION OF 
TRIPHENYL BORATE 


V.K. Kuskov and T.A. Burtseva 


M. V. Lomonosov State University Moscow 


(Presented by Academician S. 1.Vol'fkovich, December 26, 1958) 


The alkylation of phenol with alkyl halides by the Friedel-Crafts method only proceeds readily with re- 
active tertiary alkyl halides. Primary and secondary alkyl halides do not react as well and molecular amounts 
of aluminum chloride are required [1], while alkyl phenyl ethers are unavoidably obtained as impurities. It is 
known that,on heating,aluminum chloride reacts with phenol to form phenoxyaluminum dichloride CgH,OAICI, 
[2], which also probably complicates alkylation. It was previously found that triphenyl borate could be acetyl- 
ated in the presence of aluminum chloride to give as the end products ortho- and para-hydroxyacetophenones 
[3]. In the present work we established that triphenyl borate was readily alkylated by alkyl halides in the pres- 
ence of catalyticamounts of aluminum chloride according to the equation: 


+ (CsHs0)sB (AIkCgH,O)3B + 3HCI. 


However, all three phenyl groups were not essentially alkylated. We always obtained dialkylphenols and phenol 
in addition to alkylphenols. Alkyl phenyl ethers were not obtained and all the products obtained were soluble in 
10% NaOH. The reaction proceeded successfully under the usual conditions for a Friedel-Crafts alkylation. At 
the end of the alkylation, the mixture was poured into water and ice, when the aluminum chioride and aryl bo- 
tate were hydrolyzed. The alkylphenols were extracted with benzene and purified by distillation. 


Para-substituted alkylphenols were obtained predominantly and the isomerization of a primary alkyl into 
a secondary, usual for a Friedel-Crafts alkylation, occurred. 


EXPERIMENTAL * 


Synthesis of ethylphenols. The reaction was performed in a flask with a stirrer, a thermometer and an eight- 
bulb reflux condenser with a calcium chloride tube. The flask was charged with 14.5 g (0.05 mole) of triphenyl 
borate and 18 g (0.17 mole) of ethyl bromide and heated on a bath until a homogeneous solution was obtained. 
Then over a period of 3-4 hours, 4 g (0.03 mole) of freshly sublimed aluminum chloride was introduced in 6 por- 
tions; the mixture was boiled in a mantle. At this, the evolution of hydrogen bromide began rapidly. Before the 
introduction of aluminum chloride, the mixture was cooled to prevent the loss of ethyl bromide. The mixture was 
then heated urtil the evolution of hydrogen bromide ceased, which practically required 7-8 hours from the begin- 
ning of the reaction. The temperatureof the mixture gradually rose to 110°. 


The mixture was cooled and poured into 150 ml of water with ice. Benzene (60 ml) was added and the a- 
queous layer separated and extracted with 40 ml of ether. The extracts were combined, dried for 12 hours with 
magnesium sulfate, the solvent removed and the residue distilled. We obtained 2.7 g of a fraction with b.p. 180 
— 200°, which was unreacted phenol with impurities, 10.3 g of ethylphenols (56% of theoretical) with b.p. 200 — 
220° and 2.6 g of polyethylphenols with b.p. 220 — 240°. Considering the phenol recovered, the yield of ethyl- 
phenols was 70%. 


The mixture obtained in several experiments was vacuum distilled 4 times on a Widmer column 30 cm 
high to liberate a fraction of o-isomer (b.p. 207 — 209°) and one of p-isomer (b.p. 217 — 220°). With chloroace - 


* B. N. Evplov assisted. 
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tic acid, the o-ethylphenol yielded o-ethylphenoxyacetic acid with m.p. 138° (according to literature data, 
137° [4]. Then from the o-ethylphenol obtained we prepared aluminum o-ethylphenolate and acylation of this 
with acetyl chloride by Kuskov and Yur'eva's method [3], yielded 4-hydroxy-3-ethylacetophenone with m.p. 
83° (semicarbazone, m.p. 128°) and 2-hydroxy~3-ethylacetophenone;the semicarbazone had m.p. 144° and gave 
a violet color with ferric chloride, in accordance with literature data [5]. Bromination of the p-ethylphenol by 
Iannasch’s method gave 2,6-dibromo-4-ethylphenol with m.p. 116 — 117°, which agrees with literature data [6]. 
Other alkylphenols were obtained similarly and were always mixtures of ortho- and para-isomers (see Table 1), 
14.5 g (0.05 mole) of triphenyl borate and 0.15 mole of alkyl halide were always used. 


TABLE 1 
Preparation of Phenols by Alkylation of Triphenyl Borate with Alkyl Halides 


. Reaction theo - 
fo} 
conditions 
alkyl ie Product obtained B.pas °C 
B halide |3 2 : 
a. 3 | 3 
2583) REIL: 
1 |Ethylbromidg 4 | 8 | to 110) Bthylphenols 10,3|56 | 70 200—220 
Diethylphenols 2,6/14,5) 14 220—240 
2 |Propyl 4 | 7 |to 110) Isopropylphenols 41 (54 |74 205—230 
bromide |Diisopropylphenols 230—250 
3 |Butyl bromidg 1,4| 6 | to 80 |Sec Iphenols 10,5/47 | 70 220—252 
Dibutylphenols 2,310 | 15 252—275 
4 |Butylchlorida 1,4} 6 | to 80 |Sec - utylphenols 12,0153 |72 220—252 
Dibutylphenols 3,013 |18 252—275 
5 |Isoamyl 2,8| 6 | 120 | Isoamylphenols | 6,3\24 |58 | 100—130/7 mm 
chloride Diisoamylphenols 1,2) 4,51}44 | 430—170/7 mm 
6 |2-Chlorooc- |1,4] 8 | 100 | Octylpheénols 14,9/42 |66 | 100—150/3 mm 
tane Dioctylphenols 3,219 | 150—190/3 mm 


The isopropylphenols were distilled on a Widmer column like the ethylphenols. We obtained 20% of ortho- 
isopropylphenol with b.p. 211 — 214°; ortho-isopropylphenoxyacetic acid was prepared and had m.p. 131°. We 
also obtained 70% of p-isopropylphenol with b.p. 219 — 222°; p-isopropylphenoxyacetic acid had m.p. 80°. The 


constants agreed with literature data [7]. The residual 10% was an intermediate fraction and consistedof a mix- 
ture of isomers. 


A similar vacuum distillation of the butylphenols yielded 95% of para-sec-butylphenol with b.p. 240 - 


242°, d™°, 0.9775, n™D 1.5206; and 2% of ortho-sec-butylphenol with b.p. 101 — 103° at 10 mm (phenylurethan, 
m.p. 86°), which agrees with literature data [8,9]. 


The isoamylphenols were a mixture of isomers, which was completely soluble in 10% NaOH. The boiling 
points were close to those described in the literature [9, 10]. 


By the method presented, it is possible to obtain, practically, various phenols not containing nonphenolic 
impurities (products insoluble in alkalis). 
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PARAMAGNETIC RESONANCE IN MINERAL CARBONS 


B. I. Losev and E. A. Bylyna 


(Presented by Academician A. V. Topchiev, November 25, 1958) 


In 1953, Castle [1, 2] observed the phenomenon of paramagnetic resonance (PR) in thin layers of graphite. 
In 1954 a series of investigators established the existence of PR in other carbon-containing substances (in activ- 


ated charcoal, in carbonized organic residues, etc.). Some investigators [6-10] observed a clear, analogous 
effect in mineral carbon and in carbonized products. 


Ingram et al. [6] used this property of mineral carbons for determining the number of free radicals per 
gram of carbon as a function of the degree of metamorphism (Fig. 1). The number of free radicals was deter- 
mined by comparison with absorbed diphenyltrinitropyrazine, 


The number of free radicals in carbons at various stages of metamorphism changes approximately over a 
range of 0.5+10 — 3-10 per gram, i. e. one free radical to 1500 — 4000 carbon atoms. 


This work of Ingram confirmed the idea of Bennet et al. [9] that 


the free radicals were not conductance electrons which were responsible 
for paramagnetic resonance. 


8 


In anthracites, N. S.Gariftyanov and B. M. Kozyrev observed read- 
ily measurable paramagnetic resonance with a very sharp resonance line. 
Here the form of the absorption curves depended strongly on the form of 
the samples and the oscillation frequency of the magnetic field. The ef- 
fective g-factor of the absorption line in anthracite was determined by 


nuclear resonance at a frequency of 9450 Mc, It was found to be equal 
to 2.004 + 0.002. 


8 


Ss 


Adsorbed radicals 


The same authors detected paramagnetic resonance in coal, char- 
coal, petroleum asphalt, carbolite and rubber. Among the substances 
named, the most intense effect was detected in petroleum asphalt and 
carbolite. At 90°K, weak PR was detected in petroleum samples from 
the Pavlinsk deposit (Tatary). The effective g-factor of all the substances 
named was found to be equal to 2.004 + 0.002. It was observed that in 
all cases the intensity of the effect increased by a factor of approximately 


3 with cooling to liquid air temperatures both with the free radical (the 
standard) and with anthracite. 


Fig. 1. Paramagnetic resonance 
of carbon (absorption of 30 units 
~2.5+10" free radicals per gram). 


The agreement of the g-factor values and the identical temperature dependence of the PR intensity made 


it possible for the authors to put forward the probable hypothesis that in all cases the PR was caused by free rad- 
icals or “broken bonds” between carbon atoms, , 


In the present work we measured the paramagnetic resonance in a series of mineral carbons according to 
the degree of their metamorphism (Table 1). Estonian peat was also examined, but PR was not detected in it. 


° 
. 
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TABLE 1 


Type of carbon Origin in the Concentra - 


tion of free 
(coal) Don Basin 


Long-flame (L) Dobropel'e 
Gas (G) Dobropol'’e 
Soft steam (SS) Nikitovka 
Coke (C 


Clinkering steam (CS) 


Avdakovo 


‘ Chumakovo 
Poor (P) Chumakovo 
Anthracite (A) Chumakovo 


As a calibrating substance, we chose diphenylpicrylhydrazine (DPH) 


NO: 


It had a g-factor of 2.003 + 0.001 at a frequency of 9450 Mc, which agrees well with the data of other 
authors [12]. The mineral carbons were measured at the same frequency and at a temperature of 22° C. on an 
apparatus with a sensitivity of 5-10” atoms, The samples were stored in good containers, rapidly ground in an 
agate mortar before the determination, placed in a molybdenum glass tube and the measurements carried out. 
A readily measurable effect was observed with all samples (except the peat). 


In all cases, the effective g-factor of the absorption line was determined by the nuclear resonance meth- 
od at a frequency of 9450 Mc. It was found to be equal to 2.003 + 0.001. 


The approximate concentration of "free radicals" was deter- 
mined by comparison of the absorption line with a calibration 
sample containing 1% DPH. Undoubtedly, relative to the cali- 
bration sample, these concentrations were approximate for each 
carbon, but relative to each other, the accuracy of these concen- 
trations lay within the limits of + 10%. 


Fig. 2 gives a curve of the "free radical" concentration in 
relation to the degree of metamorphism of the carbons, which 
agrees well with the data obtained by Ingram et al. 


Adsorbed radicals 


0% At the present time a series of investigators in the Soviet 
Union and abroad [13-19] are of the opinion that the structure 
of molecular compounds of carbonaceous material consists of a 
Fig. 2. Paramagnetic resonance of carbons. condensed aromatic nucleus with side chains joined to it, a so- 
called “fringe.” The degree of condensation of the nucleus in- 
creases during the process of metamorphism and the number of side chains decreases. On the basis of this, the 
authors of the present article are inclined to agree with Ingram: in our opinion, the concentration of free radi- 


cals is not only a function of the degree of metamorphism, but also a function of the degree of condensation of 
the aromatic rings. Future investigation will show the nature of this function, 
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NEW METHODS OF SYNTHESIZING ORGANOSILOXANES 


N. F. Orlov and B. N. Dolgov 


Institute of Silicate Chemistry, Academy of Sciences USSR 
(Presented by Academician A. N. Nesmeyanov, December 7, 1958) 


The main method of synthesizing organosiloxanes, which is most widespread and practically important in 
the field of organosilicon compounds, is the hydrolysis method. This method, together with undoubted virtues, 
suffers from a series of drawbacks, among which, mention should be made of the difficulty of obtaining com- 
pounds with a definite sequence of radicals owing to the possibility of condensing together identical molecules 
containing SiOH groups. With the aim of preparing molecules of definite structure, a series of papers have re- 
cently appeared in which syntheses were described for organosiloxanes by means of catalytic disproportionation 
[1-5], heterofunctional condensation [1, 6-10] and cleavage of-organosiloxanes with organosilylhalides [11]. 
Almost all the methods given are multistage and in a series of cases give insufficient yields. The latter is caused 
by side reactions, which are produced both by reactive products liberated (HCl, CHyJCOOH, CH,COCI etc.) and by 
the catalysts used (FeCl, AlCl,, NaOH, H,SO,etc.). The reaction of sodium triorganosilanolate with alkylsilyl 
halides gave the highest yields [8, 9]. However, the need for preliminary preparation of sodium triorganosilano - 
late and the number of stages in the reaction reduce the value of this method. 


In the present work we put forward new, simple and convenient methods of synthesizing organosiloxanes 
of definite structure. These methods are based onthe catalytic dehydrocondensation of organosilanes, contain- 
ing Si — H bonds, with organosilanols and water in the presence of colloidal nickel. The first reaction, proceed- 
ing by the scheme; 


siti si0siZ 4 (1) 
~ 


may be used both for the preparation of monomersand, in particular, unsymmetrical organodisiloxanes and for 

the preparation of polymeric organosiloxanes, Since the mechanism of a bifunctional condensation excludes 

the possibility of identical groups interacting and the catalyst used does not promote any side reactions, the 

yield of the required product reaches 80 — 90%. When triorganosilanols are used, under the experimental con- 
ditions their condensation into hexaorganosiloxanes hardly occurs. In an investigation of the reaction of diphenyl- 
silanediol with excess trialkylsilane, the amount of hydrogen liberated during the reaction exceeded that theoret- 


ically calculated according to the equation 
QR,SiH + (CgHs),Si(OH), + 2Hp. (2) 


Together with octaorganotrisiloxane, the reaction products yielded a low-boiling fraction, which, accord- 
ing te physicochemical constants and data from chemical and spectral analyses, corresponded to hexaalkyldisil- 
oxane with the radicals of the starting trialkylsilane. 


It seemed probable to us that the formation of hexaalkyldisiloxanes during the reaction process could occur 
as a result of the reaction of the trialkylsilane with water formed by partial dehydration of the diphenylsilanediol. 


: 
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Actually, in studying the interaction of triorganosilanes with water it was found that they reacted readily 
in the presence of colloidal nickel with the formation of hexaorganodisiloxane by the scheme 


Ni 
QR,SiH + HOH - R,SiOSiR, + 2H). (3) 


The results obtained led us to the discovery of a second method of synthesizing organosiloxanes, starting 
from organosilanes containing the Si-H bond. 


In the general form, reaction (3) may be expressed by the scheme 


HOH + + 2H). (4) 

This reaction may be extended to the preparation of both monomericand polymeric organosiloxanes. In 
contrast to the previously described methods of obtaining hexaorganodisiloxanes by the interaction of trialkyl- 
silanes with sulfur trioxide [12], red mercuric oxide [13] or sulfuric acid in the presence of mercury salts [14], 
the reaction of triorganosilanes with water in the presence of nickel is more convenient and gives higher yields. 
In addition, it is possible to use arylsilanes in the reaction (4), and this was impossible with the use of sulfuric 
acid, due to its dearylating action [15]. The course of the reaction by schemes (1) and (4) is readily controlled 
by the volume of hydrogen liberated. The rate of the reaction may be regulated readily both by the amount of 
catalyst and by the temperature of the reaction medium. The reaction may be accomplished both in solvents 
(benzene, toluene, petroleum ether etc.) and in their absence [16]. 


EXPERIMENTAL 


The reaction was performed in two-necked, round-bottomed flasks of 100 ml capacity, fitted with reflux 
condensers and thermometers. The upper end of the condenser was connected through a Tishchenko bottle with 
sulfuric acid to a gasometer for collection of hydrogen. The synthesis was accomplished by heating a mixture 
of organosilane with organosilanol or water in the presence of colloidal nickel until the evolution of hydrogen 
ceased. After the reaction, the reaction mixture was filtered and subjected to fractional distillation. The prop- 
erties of the organosiloxanes obtained are presented in Table 1. Some characteristic syntheses are presented 
below. 


Synthesis of methyldiethyltriphenyldisiloxane. A mixture of 10.2 g (0.10 mole) of methyldiethylsilane, 
18.0 g (0.065 mole) of triphenylsilanol, 20 ml of benzene and 0.001 gofcatalyst prepared previously from NiCl, 
and triethylsilane, was heated for 7 hours. During this time 1.5 liters of hydrogen was liberated. After filtration 
and evaporation of the solvent and excess methyldiethylsilane, the reaction mixture was fractionated by vacuum 


distillation. We obtained 21.0 g (86.0%) of methyldiethyltriphenyl disiloxane with the constants indicatedin 
Table 1. 


Synthesis of bis-(methyldiethylsiloxy)-diphenylsilane. 22.5 g (0.2 mole) of methyldiethylsilane, 8.6 g 
(0.04 mole) of diphenylsilanediol and 50 ml of hexane in the presence of ~ 0.001 g of Ni were boiled together 
for 8 hours. During this time 3.5 liters of hydrogen was liberated. After removal of the solvent and excess meth- 
yldiethylsilane, we obtained 8.0 g of tetraethyldimethyldisiloxane with b.p. 190 — 194°(760 mm). Vacuum dis- 
tillation of the residue yielded 8.5 g of a fraction with b.p. 176 — 181° (3 mm). 


After a second distillation, the two substances had the constants presented in Table 1. 


Synthesis of decaethyltetrasiloxane. 19.0 g (0.1 mole) of tetraethyldisiloxane, 26.4 g (0.2 mole) of trie- 
thylsilanol and 0.01 g of catalyst were heated for 30 minutes and during this time 4.8 liters of hydrogen was libe 
erated. The mixture was distilled from a flask with a pear fractionating head. We isolated 36.0 g of a liquid 
with b.p. 120 -175°(2 mm). By means of a second fractionation it was possible to isolate 32.0 g (71.2%) of 
decaethyltetrasiloxane, whose physicochemical constants and analysis data are given in Table 1, 


Reaction of methyldiphenylsilane with water. 20.0 g (0.1 mole) of methyldiphenylsilane and 0,02 g of 
nickel chloride were heated for 10 minutes until colloidal nickel was formed. The mixture was cooled and 30 


ml of toluene and 1.8 ml of water added to it. When the reaction mixture was heated for 4 hours, 2.3 liters of 
hydrogen was liberated. 
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Fractionation of the reaction mixture by vacuum distillation yielded 17.0 g (83.0%) of tetraphenyldimethyl- 
disiloxane with b.p. 200 — 203° (6 mm), nD 1.5848 supercooled). On standing, the whole substance crystallized. 
After recrystallization from a dioxane-acetone mixture, the crystals had m.p. 49.0°. 
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INDIVIDUAL CYCLOHEXANE HYDROCARBONS OF THE BENZINE 
FRACTIONS FROM SAKHALIN OILS 


N. E. Podkletnov 


Sakhalin Comprehensive Scientific Research Institute, Siberian Section Acad- 
emy of Sciences USSR 


(Presented by Academician A.V. Topchiev, November 13, 1958) 


In a previous communication [1] we presented the results of an investigation of the individual aromatic 
hydrocarbons of benzine fractions boiling up to 175° from three industrial oils from the deposits in the north- 
eastern part of Sakhalin, namely, from East Ekhabi (seam 29), Ekhabi (seam 13) and Paromaya (seam 5). 


In the present. communication we present data on the composition of the cyclohexane hydrocarbon of the 
same benzine fractions, obtained by the combined method of G,S, Landsberg, B. A. Kazanskii et al. [2]. Frac- 
tions 50 — 100°, 100 — 128°, 128 — 150° and 150 — 175°, from which the aromatic hydrocarbons had first been 
removed by chromatographic adsorption on silica gel, were combined and subjected to analytical dehydrogena- 
tion. The catalyst used was platinized charcoal, prepared by I. A. Musaev and G. D. Gal'pern's method [4], with 
the addition of iron, as recommended by B. A. Kazanskii and A. F. Platé [3]. At a temperature of 300 — 305° 
and a volume rate of 0.9, overthis catalyst cyclohexane was converted into a product with a refractive index 
(nD) of 1.5001. The fractions were dehydrogenated at the same temperature in two passes; the first was at a 
volume rate of 0.9 and the second at 0.5. 


The aromatic hydrocarbons isolated fromthe catalyzate were again separated into narrow fractions on a 
fractionating column with an efficiency of 50 t.p. and investigated by means of the Raman spectra. The bulk 
of the Raman spectra were derived from the work of G. S. Landsberg et al. [5]. 


The results obtained are presented in Table 1. 


It was found that the benzine fractions, collected up to 175°, contained 11.18% of cyclohexane hydrocar- 
bons in the case of oil from East Ekhabi, 15.0% in that from Ekhabi and 18.20% in oil from Paromaya. A total 
of 10 hydrocarbons were identified in the oil from East Ekhabi and 15 in the oil from £khabi and Paromaya. In 
addition, in each oil were found 5 groups of hydrocarbons, characterized by the type of alkyl substituent. The 
results obtained and also data on 25 benzines from oil deposits in the Soviet Union [6] indicate the great inhomo~ 
geneity in the content of individual six-membered cyclohexanes and a considerable predominance of mono- and 
disubstituted cyclohexanes. 


The following were found in maximum amounts in the oils investigated; methylcyclohexane, cyclohexane, 
ethylcyclohexane and 1,3- and 1,2-dimethylcyclohexanes. These 5 hydrocarbonsconstituted 69.6% in the case of 
oil from East Ekhabi, 64.0% for oil from Ekhabi and 74.2% for oil from Paromaya (calculated on the total dehy- 
drogenatable cyclohexanes). The hydrocarbons identified were largely single ring compounds with short un- 
branched side chains. Of bicyclic compounds, all three oils contained perhydrindene,, which was previously 
detected in Romashkin benzine (without quantitative estimation) [7] and its presence was surmised in Nebitdagsk 
benzine (transhydrindene) [8]. 


We are grateful to Kh, E, Sterin and V, T, Aleksanyan for the investigation of the Raman spectra. 
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TABLE 1 


Cyclohexane Hydrocarbons in Benzines Boiling up to 175° in Oil From East Ekhabi, fkhabi and 


Paromaya 
Content, weight % 
on total of cyclohexanes |on benzine boiling up to 175° 
3 Paromaya 
Ekhabi Ekhabi [Paromayal Ekhabi y 


Cyclohexane 13,7 11,4 13,6 4,52 1,66 2,48 
ethylcyclohexane 25,1 21,5 33,4 2,80 3522 6,07 
Ethylcyclohexane 14,1 10,6 7,9 1,57 1,59 1,38 
1,2-Dimethylcyclohexane 5,6 9,5 9,1 0,63 1,43 1,66 
1,3-Dimethylcyclohexane 41,4 11,3 10,6 1,23 1,70 1, 
1 ,4-Dimethylcyclohexane 5,6 5,3 4,6 0,63 0,80 | 0 
Total of CgHig 06 


n~Propylcyclohexane 
Isoprapylcyclohexane \— 3,4 3,0 0,52 0,51 
1-Methyl-2-ethylcyclohexane} — 3,4 1,0 _ 0,52 | 0,18 
1-Methyl-3-ethylcyclohexane 2,1 1,8 0,31 0,33 
1-Meth 1-4-ethyle clohexane a 1,4 1,0 — 0,21 0,18 
1,2,3-Trimethylcyclohexane 1,7 2,3 1,6 0,19 0,34 0,30 
1,2,4-Trimethylcyclohexane 1,5 4,5 re 0,17 0,67 0,46 
1,3,5-Trimethylcyclohexane | traces 1,4 1,2 traces | 0,17 | 0,22 
Perhydroindan 1,0 1,4 0,6 0,44 0,21 0,12 
total of CoHyg 3,2 18,2 12,4 0,36 2,74 2,18 
Total of monosubstituteds 4,2 1,8 1,6 0,47 0,27 0,30 
Total of 1,2-substituteds 5,0 2% 4:3 0,56 0,41 0,24 
Total of 1,3-substituteds te 2,8 2,4 0,81 0,41 0,43 
Total of 1,4-substituteds 27 1,9 4;3 0,32 0,28 0,24 
Total of.1,2,4-substituteds 4,5 1,9 1,9 0,28 0,34 


Total of dehydrogenatable 
cyclohexane hydrocarbons 100,0 


Including: 
without substituents 14,7 12,5 14,2 1,63 1,87 2,60 
with 1 substituent 43,4 37,3 45,5 4,84 5,60 8,26 
with 2 substituents SF. 2 40,4 33,1 4,18 6,07 6,02 
with 3 substituents 4,7 9,3 ta 0,53 1,46 
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THE INTERACTION OF BORON CARBIDE WITH SILICON 


K. I. Portnoi, G. V. Samsonov and L. A. Solonnikova 


All-Union Institute of Aviation Materials Institute of Metalloceramics and’ 
Special Alloys Academy of Sciences, Ukrainian SSR 


(Presented by Academician A, A, Bochvar, December 16, 1958) 


The boron ~ silicon — carbon system attracts attention in connection with the high hardness, chemical 
stability and semiconductor properties of the compounds in the limiting binary systems. 


Thus, in the boron — carbon system there exist the compounds B,C andBg,sC with a hardness of 5000 — 
5500 kg/ mm? [1, 2], in the silicon — carbon system the compound SiC with a hardness of 3350 kg/ mm? [3] 
and in the boron — silicon system compounds with high hardness and chemical stability have also been ob- 


served [4). 


An investigation of the BgC — Si cross-section in the B ~ Si — C system by Tone [5] provided no unequiv- 


ocal information on the structure of this system. 


In paper [6] an investigation was made of certain properties of BgC — SiC alloys, in particular the steady 
hot strength and the resistance to heat shock. In addition, in certain papers [7, 8] methods of preparing and 
certain technological peculiarities of these alloys were described. 


Fig. 1. Microstructure of boron carbide — silicon 
alloys: a) BgC; b) BgC + 2 weight % of Si, 500 x; 
c) BgC + 28 weight % of Si, 500 x; d) B,C + 35 
weight % of Si, 500 x. 
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In the present work an investigation was made of 
methods of preparing and the properties of alloys lying 
on B,C — Si radial cross section of B — Si — system. 


The alloys were prepared by hot compression of 
mixtures of boron carbide and silicon powders at from 
1700 to 2350° for periods of 1.5 to 8 minutes, Chemi- 
cal analysis indicated some volatilization of silicon 
from the alloys during the hot pressing. 


Measurement of the pyknometric specific gravities 
of the alloys showed a clearly expressed maximum at 25- 
30 weight % of Si. 


Typical microstructures of the alloys investigated 
are shown in Fig. 1. Even with the addition of 2 weight 
% of Si to boron carbide, a lighter colored phase was 
formed than the basic boron carbide phase (Fig. 1b). Up 
to an Si content of 20 weight % in the alloy, the amount 
of this phase changed little; at 28 weight % of Si,its con- 
tent increased noticeably (Fig. 1c) and the microhardness 
reached about 2000 kg/mm’, remaining practically con- 
stant with further increase in the silicon content of the 
alloys (Fig. 2 a). Since the hardness of silicon is 850 — 
890 kg/ mm? (2}, this phase was apparently a saturated 


\ 
ON 


solid solution of boron and carbon (or boron carbide) in silicon. Beginning with 25% Si, the microstructure of 
the alloys showed sharply expressed separation of the chemical compounds (Fig. 1,d). 


With an increase in the silicon content of the alloys, the hardness of the second phase increased, reach- 


ing a maximum of ~ 7000 kg/ mm? at 40 — 50 weight % of silicon and then falling to 3500 — 4000 kg/ mm? 
(Fig. 2,b). 


Beginning with 50 weight % of silicon, a fine ~grain- 
ed eutectic was observed between the grains of the silicon 
and carbide phases (up to a silicon content of 80 weight % 


kg/mm? in the alloy). 
t 6000 


addition of 20% of silicon to boron carbide, the lines of a 
- . new phase appeared and these became clearest at 35-40% 
= of Si, after which, at 50-70 weight % of the Si,these lines 
i were mixed with the lines of a solid solution of boron and 
10 20, 30 40 50 60 70 80 S0weight% carbon in silicon, which was well expressed at 75 weight % 
si— of Si (Fig. 3). The formation of this solid solution based on 
silicon was observed as a regular displacement of the lines 
in the x-ray pictures towards smaller angles, i.e, the forma- 
Fig. 2. Microhardness of the phases of B4C — tion of a solid solution proceeds with an increase in the 
Si alloys. lattice period in comparison with pure silicon, 
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An x-ray investigation of the alloys showed that on 
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Fig. 3. Line diagram of x-ray pictures of the B,C — Si system 


Measurement of the electrical resistance of samples showed a maximum at 28 — 35% of Si in the alloys. 


Thus, on the basis of the data presented above, we may arrive at the conclusion that a ternary phase of 
boron with silicon and carbon with the approximate composition B;SiC, is formed and that it has a microhard- 


ness of ~7000 kg/ mm’, which also explains the high grinding properties of alloys of boron with silicon and car- 
bon, established in work [9]. : 


This phase possesses a high steady resistance to oxidation in air, at least up to temperatures of 1200° and 


against the action of mineral acids and mixtures of them,in cold and on boiling (the change in weight per day 
was 0.0003 — 0.0008 g/cm’), 


SiC — 
20H 
220 
| 
| | 
6040 
84,72 
80,34 
Su a 
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ADDITION OF PARTIAL ESTERS OF PHOSPHORIC ACID TO 
NITROISOAMYLENE AND ETHYL VINYL SULFONE 


A. N. Pudovik and F. N. Sitdikova 
V. I. Ul'yanov-Lenin State University, Kazan 


(Presented by Academician B. A. Arbuzov, December 19, 1958) 


In previous papers we described the addition of dialkylphosphorous and dialkylthiophosphorous acid, esters 
of alkyl- and arylphosphinic acids. phosphonoacetic ester, phosphonoacetone and phosphonoacetonitrile to un- 
saturated carboxylic acids and their amides, nitriles and esters, esters of unsaturated alcohols, anils, unsaturated 
esters of phosphinic acids and unsaturated aldehydes and ketones [1]. A large number of derivatives of phosphinic 
and thiophosphinic esters, containing various functional groups, were obtained. 


It seemed interesting to extend the sphere of application of these reactions to unsaturated nitro compounds 
and unsaturated sulfones since this would open up the possibility of developing a simple and convenient method 
of synthesizing nitrophosphinic and sulfonophosphinic esters. Both these groups of compounds are difficultly ac- 
cessible and their preparation by the usual methods frequently involves great difficulties or, in general, is impos- 
sible. Thus, in the work of A. E, Arbuzova,B, A. Arbuzov and B. P. Lugovkin [2] it was noted that the reaction of 
phosphites with a-nitroalkyl halides formed phosphates; later [3], unsaturated esters of phosphoric acid were also 
found in the products of these reactions. Esters of nitrophosphinic acids were not formed at all in these reactions, 


The reactions of phosphites and salts of dialkylphosphorous acids with halosulfones and halodisulfones proceeded 
anomalously [4). 


In the present work, nitroisoamylene and ethyl vinyl sulfone were used as the unsaturated nitro compounds 
and sulfones. The reactions were performed with alcoholates of alkali metals as catalysts and without solvents. 
The addition of dimethylphosphorous and diethylphosphorous acids to nitroisoamylene proceeded very readily 
and was accompanied by the evolution of a large amount of heat. Before addition, dimethylthiophosphorous 


acids was treated (heating with subsequent distillation) with a small amount of triethylamine to remove impuri- 
ties. 


(RO),PXH + (CH,),CH — CH = CHNO, (CH,),CH — — CH, — NO,, 
X = P(OR), 


where R= CH and C,H; and X=OorS. The reaction products were distillable liquids with a weak smell and a 
pale yellow color. 


The addition of ethyl phosphonoacetate to nitroisoamylene proceeded with more difficulty; it required the 
addition of a considerable amount of alcoholate and heating the reaction mixtures of several hours at 100 — 110°, 
A considerable induction period was observed at the beginning of the reaction. The constants of the products 
obtained are presented in Table 1. Only slight polymerization of the nitroisoamylene was observed during the 
reaction. Experiments were carried out on the addition of diethylphosphorous and dimethyltiophosphorous acids 
to furylnitroethylene and w-nitrostyrene in the presence of alcoholates of alkali metales and organic bases, De~ 


spite the use of milder catalysts, in comparison with alcoholates, namely pyridine and triethylamine, and also 
of solvents, in all cases polymerization of the nitroolefins proceeded more rapidly than the addition reaction. 
Addition products could not b= isolated. When the reaction mixtures were heated for several hours at 80 — 90°, 
the starting materials were isolated. 


TABLE 1 

S Phosphorus, | & 
MRp content in % 

Ss B.p.» n29 
E found] calc.| found] calc. 


(CHs),CH — CH -- CH,—NO, 


(CHs)2CH — CH — CH2— NO, 


(CHs)2,CH — CH — CH2NO, 
O=P (OCHs)2 


130 


O=P (OC;Hs)2 
131,5 
S = P (OCHs)2 
—CH:NO, 


1,4503}1 


1, 4887 


ia 
— CH — COOC;H; 


> 
= 


1,1218 


1, 1964 


,1740 


51,57 


13,93 


12,36 


12,88 


13,76} 36 


12,23 


27 


12,84 


Sample No» 


Substance * 


I 
| 180 
il 
184 
O 
190 
O 
i 
0),PCH2CH2SO2C2H, | 208 
| 188 
ClO. 
pra | 204 


I; 


1, 4632 


1, 4626 


1,4596 


* Substances 1, 5 and 6 rapidly crystallized at room temperature. 


Phosphorus |i 
MRD | content in %| « 

‘ 
found) calc.| found) calc, a 
— | 13,62) 13,45] 70 
1,2209| 58,26] 58,80) 41,57] 12,28] 51 
41,1528) 68,38] 68,10} 10,73) 10,83] 34 
4,1091) 77,52) 77,35) 9,79} 9,79] 32 
— 10,96} 11,29] 46 
13,09} 12,79) 40 


: 
3 2 | 58,16 |58,40| | | 
4 
3 |1,4672) — | — | — | 8,70] 9,09] 40 
a 
B.p.» P 20 
in°C|mm| "2 
1 3 
a 2 
4 2 
4 ; 
41 
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As is known, unsaturated sulfones readily add various nucleophilic reagents at the double bond with the 
formation of various dérivatives of saturated sulfones. Dialkylphosphorous and dialkylthiophosphorous acids and 
the ethyl ester of ethylphosphinic acid added to vinyl ethyl sulfone in the presence of alcoholates of alkali met- 
als very readily, with a short induction period, and the reaction was accompanied by the evolution of consider- 


able amounts of heat. The addition products were colorless distillable liquids or crystalline solids with a weak 
smell (Table 2), 


II 
CH, = CHSO, + (RO),POH > (RO) CH, CH, SO, C,Hs 
Vinyl ethyl sulfone was reacted with ethyl phosphoacetate in the presence of sodium ethylate, The reaction prod- 


uct due to tai formation in the reaction mixture during distillation. 


The reactions described in the present work were carried out by a general procedure, similar to that described 
previously [1]. The reagents were taken in'equimolecular amounts (1/20 — 1/30 mole) for the reactions. 


On the example of nitroisoamylene and vinyl ethyl sulfone, it was shown that dialkylphosphorous and dialkyl- 
thiophosphorous acids and acid esters of alkylphosphinic acids are capable of adding to the double bond of a-unsat- 
urated nitro compounds and sulfones in the presence of an alkaline catalyst. 
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ON THE INTERACTION OF OLEFINS AND AMMONIA IN THE 
PRESENCE OF OXIDE CATALYSTS 


Academician A. V. Topchiev, V. P. Alaniya and 
G. 1. Chernyi 


The conversion of olefins and, in part, methane hydrocarbons into nitriles is a new process. It is based on 
the reaction of unsaturated hydrocarbons with ammonia at temperatures of the order of 470 — 500° in the pres- 
ence of oxide catalysts: 


RCH = CH, + NH; -— CH;CN + RH + Hy 


The direct reaction of olefins with ammonia was discovered in the last ten years in connection with work 
in the amination field. This reaction has been studied most fully with ethylene and propylene. 


Teter [1} studied the reaction of propylene with ammonia at elevated pressures and temperatures of the 
order of 370 ~ 380° at a molar ratio of ammonia to propylene of 5 - 4 ; 1 over a catalyst containing reduced Co 
and Ni oxides, tlie reaction of propane-propylene mixtures and the reaction of olefins with ammonia with a small 
addition of water. 


Denton and Bishop [2] made an extensive study of such factors as temperature, molar ratio of reagents, con- 
tact time, pressure and the nature of the hydrocarbons reacting. 


A thorough study of the interaction of olefins and ammonia in the presence of oxide catalysts was made by 
Platé and Vol'pin [3]. They studied the effect of temperature, molar ratio of reagents, throughput rate of re- 
agents and the nature of the hydrocarbon. . 


We studied the interaction of isobutylene and ammonia over German industrial catalyst No. 1360 with the 
composition MoO, 10% and Al,O3 90%, with the introduction of HCl into the reaction zone for the first time. 
The reaction was in the vapor phase in a glass apparatus. The reactor was a quartz tube 700 mm long and 18 
mm in diameter.- Two thirds of the length of the tube was filled with catalyst. Reactions were carried out in 
the temperature range 290 - 500°. The molar ratio of isobutylene: ammonia varied within the limits of 1 ; 2 
to 1:5. The hydrogen chloride was passed into the reaction zone from a Kipp generator. The liquid products 
obtained were distilled into three fractions: 1st fraction 44 — 90°, 2nd fraction 90 — 98° and the 3rd fraction a- 
bove 98°. The fractions were tested for nitrile content from the color of the aqueous layer or the alcohol layer 
when a solution of ferric chloride, neutralized with ammonia, and 0.5 cc of isoamyl alcohol were added to the 
condensate tested. For the acetonitrile isolated by distillation we determined the specific gravity and the refrac- 
tive index. The acetonitrile obtained was identified by thepreparation of a crystalline derivative with phloroglu- 
cinol and determination of its melting point. 


In experiments in the absence of HCl, the results obtained agreed completely with literature data. 


Nitrile formation began at reaction temperatures above 400° and reached a maximum at temperatures of 
the order of 480 — 485°. Raising the temperature above 500° led to a reduction in the acetonitrile yield. Meas- 
urement of the ratio of reagents reacting in a series of experiments showed that a ratio of ammonia; carbon of 
5 : 1 was best. 


Experiments in the presence of HCl were interesting. Some of these experiments are presented in Table 
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TABLE 1 


Effect, of HCl on the Yield of Acetonitrile in the Reaction of 
Isobutylene With Ammonia and Hydrogen Chloride in the 
Presence of an Oxide Catalyst (molar ratio of NHg:C = 5:1 
and input volume rate of 0,12 


Yield of acetonitrile, | Conversion 
in % of isobutyl- 


Without | with Hel 
HCl 


Experi- 
ment 


traces 
traces - 1.2 
traces . 1,1 
2.1 14 
2.4 16,1 46.2 
2.1 19.6 46.1 


As Table 1 shows, the presence of HCl raised the yield of acetonitrile. Even in experiments where the 
yield of acetonitrile was insignificant, in the presence of hydrogen chloride, it was increased to 19.6% on the 
isobutylene reacting. This considerably exceeded the yield of acetonitrile obtained under the same conditions 
and over the same catalyst, but in the absence of HCl, in the work of Denton and Bishop [2], where it equalled 
4.1%, 


The formation of propionitrile and higher nitriles was observed together with acetonitrile. * 
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No. | 
18 400 

25 420 

38 450 

42 470 

41 480 : 

51 485 
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REACTIONS OF ALDEHYDES AND KETONES WITH AMIDES OF 
PHOSPHORUS ACIDS 


V.S. Abramov and A. Il'ina 
S. M. Kirov Kazan Chemicotechnical Institute 


(Presented by Academician B. A. Arbuzov, October 18, 1958) 


Reactions of carbonyl compounds with different phosphorus compounds are very numerous and of consider- 
able interest. V.Fossek has shown [1] that aldehydes and ketones react with phosphorus trichloride to give prod- 
ucts which are converted by treatment with water or alcohol to a-hydroxyalkylphosphonic acids or their esters. 
This interesting reaction has been studied by H. Page [2], J. Conant and co-workers[3], M. I. Kabachnik [4] and 
others. These investigations showed that aldehydes and ketones may be used with equal success in reactions with 
mono- and dihalo derivatives of phosphorus. 


Aldehydes and ketones react with phosphonium iodide on heating to give hydroxyalkyl derivatives. Phos- 
phines undergo this reaction only in a concentrated stream of hydrogen chloride, as Girard found [5]. This re- 
action was studied by J. Messinger and C. Engels [6] and by A. Hofman [7]. 


Marie [8] showed that hypophosphorous, phosphorous, and alkylphosphonous acids add to aldehydes and 
ketones to give hydroxy-substituted derivatives of phospliorus. A new stage in the developments along this line 
came when V.S. Abramov [9] carried out a study of the addition of dialkyl phosphites and of acid esters of alkyl- 
phosphonous acids to the carbonyl group of aldehydes and ketones. The addition reaction proceeds with unusual 
ease, both in the presence of catalysts, alkali metal alcoholates or organic bases, and in the absence of catalysts. 
Dialkylphosphinous acids behave in a similar manner with aldehydes and ketones [10]. Aldehydes and ketones 
react with dialkyl thiophosphites to give the corresponding esters of «-hydroxyalkylthiophosphonic acids [11). 

It can be assumed that alkylthiophosphonous and dialkylphosphinous acids will react similarly. 


Aldehydes and ketones react like alkyl halides with complete esters of phosphorous acid to give esters of 
a-hydroxyalkylphosphonic acids [12]. The reaction with unsaturated aldehydes in which the double bond is 
conjugated with the carbonyl group proceeds in an interesting manner [13]. 


Anilides of phosphorous acids have recently been synthesized, and it has been shown that they add cuprous 
salts, undergo the Arbuzov rearragement, and, consequently, their tautomeric equilibrium is greatly shifted to- 
ward trivalent phosphorus [14]. It must be assumed that dialkylamido(anilido)phosphites, as compounds having 
a structure in which the phosphorus is trivalent, will react with carbonyl compounds primarily in the manner of 
phosphites. The following scheme may be proposed for such a reaction‘of pyrocatechol (1) with aldehydes and 


ketones: 
— 


The reaction of aldehydes and ketones with dialkylamido(anilido)phosphites apparently proceeds with the 
formation of an intermediate addition product (II), a quasi-phosphonium compound which is converted into the 


ee 
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final product (III); this is similar to the course of the Arbuzov rearrangement. However, the possibility that the 
reaction follows another course is not excluded. 


The present experimental investigation showed that diphenylanilidophosphite, pyrocatecholanilidophos~ 
phite, and other anilidophosphites react very vigorously with aldehydes and ketones. The reaction usually sets 
in when the components are mixed, and it is accompanied by the evolution of considerable heat. In certain of 
the reactions, the temperature of the reaction mixture rose above 100°. On cooling, the reaction products con- 
gealed into a glassy mass which. in certain cases, had a yellow color. When the reaction mixture was tooled 
during the reaction or when the components were mixed portionwise, the reaction proceeded mildly, and the 
reaction products remained colorless.. This route was used to carry out the reaction of diphenylanilidophosphite 
and of pyrocatecholanilidophosphite with acetaldehyde, propionaldehyde, benzaldehyde, acetone, and cyclo- 


hexanone, and the products obtained corresponded in empirical formula to addition products. The properties of 
these products are presented in Table 1. - 


TABLE 1 


Anilides of a-Alkoxyalkylphosphonic Acids 


Recrystallized Content 


found calc, 


Dioxane 


145—146 441,34; 11,74 


Abs, alcohol | 149,5—150,5| 10,37; 10,05 | 10,72 


Abs, aleohol 


182—183 9,30; 9,39 


' Washed with 173—174 10,77; 10,73 | 10,73. 
acetone 


1 HCgHy Alcohol 156—157 9,14; 9,14 9,42 


Abs. alcohol 


Abs. alcohol 457—158 7,60; 7,54 7,65 


The products of the interaction of pyrocatecholanilidophosphite with acetone (No. 4) and of diphenylanilido- 
phosphite with cyclohexanone (No. 7) were washed with dilute hydrochloric acid while being heated mildly. Inthe . 
first case, aniline and pyrocatechol were isolated from the reaction products, the latter compound being identified 

by mixed melting point; in the second case, aniline and phenol were isolated, the latter compound being identified 


by conversion to tribromophenol. However, we were not able to isolate the expecte a-hydroxyiso propyl phosphonic 
and 1-phenoxycyclohexylphosphonic acids. 


1 NNHG,H, 
41,27 
2 | 
9,20 
| 
fe] 
4 
449-150 | 7,65; 7,08 | 7.48 
NCH 
Neus 
CHO 
1 > 
CyHNH” 
281 


On the basis of the analyses and of the hydrolysis results, we consider that anilidophosphites react with 
aldehydes and ketones in a manner similar to that of the Arbuzov rearrangement, and we assign to the reaction 
products the possible formulas indicated in the table. 


Thus, one more new, readily occurring reaction of aldehydes and ketones with organic phosphorus deriva- 
tives, namely, anilidophosphites, has been discovered, 
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ON A POSSIBLE NEW TYPE OF ISOMERISM IN OCTAHEDRAL. COM- 
PLEXES OF CERTAIN TRANSITION ELEMENTS, PARTICULARLY Cu 


M. E. Dyatkina and M. A. Porai-Koshits 
Kurnakov Institute of General and Inorganic Chemistry, Academy of Sciences, USSR 


(Presented by Academician I. 1, Chernyaev, December 27, 1958) 


As is well known, in octahedral complex compounds containing ligands, at least two forms are possible, 
cis-trans-isomerism. If we neglect optical isomerism, then when the octahedral structure is "regular", this — 
type of isomerism is the only one.* However, we desire to point out that in certain cases, still other addi~ 
tional types of isomerism of octahedral structures can arise. 


According to contemporary concepts of ligand field theory, with specific configurations of the nonbond- 
ing electrons there should be observed, and there are observed in fact, distortions of the regular octahedral struc- 
ture as a consequence of the Jahn-Teller effect. This occurs when the nonbonding d-electrons of the central 
atom, which are split in the field of the ligands, are orbitally degenerate, namely with d® configuration and 
also with d‘ configuration in the case of complexes with free spin. In these configurations, one or three elec- 
trons are found in levels of the upper doublet, eg which corresponds to a doubly degenerate state. According 
to the Jahn-Teller theory, this must be accompanied by distortion of the regular geometric configuration along 
some one of the vibration coordinates, since such distortion leads to splitting of the doublet and creates the pos- 
sibility of a more favorable arrangement of the nonbonding electrons (with d‘ configuration, one electron in 
the lower level and the upper level empty; with d configuration, two electrons in the lower level and one in 


the upper level), In particular, distortion can occur by elongation or compression of the octahedron along one 
of the 4-fold axes. 


A number of authors have recently called upon these concepts to explain distortions of the regular octa- 
hedral arrangement of ligands around the central atom in the case of compounds of Cu (II), Cr (II), and Mn (III) 
[1, 2]. However, up to the present time no attention has been given to the idea that with two types of ligands 
present such distortion can be the source of additional possibilities for stereochemical isomerism. 


With tetragonal distortion, the existence of two forms is possible in principle: one corresponding to the 
elongated octahedron (with two long and four short distances) and the other corresponding to the compressed 
octahedron (with two short and four long distances). In principle, such isomerism can also occur with all six 
ligands the same. Up to the present, however, only distortions leading to an elongated octahedron have been 
observed for the case in which the ligands are the same. The data of Orik and Pryce [3] are usually cited as 
theoretical explanation of this fact; these data show that the elongated form is more stable than the compressed 
form when the electrostatic interaction of the central atom with the ligands is taken into consideration. It can- 
not be ignored, however, that the result could be different in the case where covalent bonds, which are charac- 
terized by being directional, are created by the field. Even if the elongated form is the more stable, it is im- 
possible to exclude the possibility of the existence of the less stable compressed isomer (since the isomers cer- 
tainly do not have to have the same energies), especially when other factors stabilizing the compressed form 
are present. There are still more possibilities of isomerism in distorted octahedra when there are two or more 
types of ligands. In this case, in contrast to the regular octahedral arrangement, isomerism can develop in com- 
plexes having the composition AX;Y. Here four isomers are possible in principle with ligand Y on the short or 
long axes corresponding to elongated and compressed octahedra, a, b, c, and d. 


* We refer here to octahedra which are normal with respect to equivalence of the bonding orbitals of the cen- 
tral atom rather than with respect to three-dimensional structure; octahedra of the latter type certainly could 
not possess Op symmetry with different types of ligands present. 
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Four analogous isomers, a, b, c, and d, are possible with the composition AX,Y, (with trans-disposition 
of the Y ligands). 


' A still greater number of isomers is possible with the composition AX,Y,Z». In this case, three isomers 
are possible both in the elongated and the compressed octahedron depending on which of the three pairs of li- 
gands are on the axis which is different from the remaining axes (the long axis in the elongated octahedron or 
the short axis in the compressed octahedron). 


It seems to us that precisely this type of isomerism occurs in the cases recently discovered by Hanic [4] 
for Cu(NH3),Br, and Cu( NH3),Cl, with the coordination polyhedron Cu(NH3),X4. Hanic found that each of the 
compounds investigated exist in two forms; in one of them there is an octahedron with four short and two long 
Cu-ligand distances, two halogen atoms being located on the long axes and the remaining two halogen atoms 
and the two ammonia molecules being disposed on the short axes; in the other form, there is a compress*d cc- 
tahedron in which the two ammonia molecules occupy the short axis and all four halogen atoms are located on 
the long axes. Still earlier, Silberstein found that in the compound having the composition (NH,),CuBry:2H,O 
there is an elongated Cu(H,O),Br, octahedron (with the Br atoms on the long and short axes) [5], while in the 
compound of the composition (NH,),CuBr,: 2NHg there is a compressed Cu(NHg),Br, octahedron with the NH; mol- 
ecules on the short axis [5]. It is readily seen that these cases correspond to isomers a and c. The appearance 
of just these isomers could be due to the difference in the tendencies of the individual ligands to occupy posi- 
tions on the long and short axes. Orgel and Dunitz [1] proposed that the long bonds must be formed with those 
ligands which create the weaker field. Ligands can be arranged in the following order with respect to increas- 
ing field strength [6): 


Br< Cl < H,O < < NH < CH,NH,CH,NH,, 


so that, in comparison with bromine, water and, particularly, ammonia should have greater tendencies to oc- 
cupy positions on the short axis. This is in agreement with the structure of isomer_a and explains why there is 

no isomer b, in which the ammonia molecules would be on the long axis of the elongated octahedron in spite 

of the greater strength of the field created by the ammonia molecules. On the other hand, notwithstanding the 
less favorable configuration of the compressed octahedron, such an octahedron can appear as isomer ¢ (but not 

as d), since in this case the molecules of ammonia, which create the stronger field, are on the short axis, and 

all four bromine atoms, with their weaker field, are on the two long axes. The probability of the formation of 
compressed isomer c must be greater,the greater the difference in the strength of the fields created by the differ- 
ent ligands. The case of Br and NH; is very favorable in this respect. 


On the basis of the above discussion, it may be proposed that the isomerism of Cu(II) compounds discover- 
ed by Hanic does not boil down to the difference between dsp*- (or spd-) hybridization, which gives a square 
arrangement, and sp-hybridization, which gives a linear arrangement (i. e., essentially to a difference in the 
arrangement of the brackets). The presence of two ligands, which expand the coordination square to an octa- 
hedron in compounds of Cu(II) (in contrast to compounds of Pd(II) and Pt(II), is too specific for there to be an 
accidental effect of packing of the complex cations and inner-sphere anions: On the other hand, the Cu-ligand 
distance along the long axis in elongated octahedra (for example, in CuBr, (NH4)gCuBr4'2H,O, and a-Cu(NHg),, 
Br.) are approximately the same as, or even greater than along the long axis in the compressed octahedron in 
the case of 8 -Cu(NHg),Br,. Therefore, there is no special basis for treating the latter compound as a packing of 
the [Cu(NH;),]+ and Br-, ions in contrast to the “coordination” treatment cf complexes in the form of elong- 
ated octahedra. We feel that in all of these cases, all six of the ligands are in the “inner sphere” around the 


copper atom, and the occurrence of isomerism is due to distortion of the coordination octahedron as a conse - 
quence of the Jahn-Teller effect. 


Y 
Y * x x / 
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THE EFFECT OF THE STRUCTURE OF AROMATIC NITRO COM- 
POUNDS ON THE RATE OF CATALYTIC REDUCTION 


F. N. Mazitova and Ya. M. Paushkin 


Institute of Petrochemical Synthesis, Academy of Sciences USSR 
(Presented by Academician A. V. Topchiev, November 3, 1958) 


The catalytic reduction of nitro compounds of the aromatic series with molecular hydrogen was first ac- 
complished by M. M. Zaitsev in 1872 when he obtained aniline from nitrobenzene by reduction in a stream of 
hydrogen in the presence of palladium black at 150°{1]. Further work on the reduction of aromatic nitro com- 
pounds in the presence of different catalysts has been carried out chiefly at high temperatures and pressures. 


Only a small amount of work has been devoted to the study of the reduction of nitro compounds at room 
temperature and atmospheric pressure. Thus, Paal and Amberger [2] reduced nitrobenzene at room temperature 
in the presence of a colloidal palladium catalyst. The work of A. A. Strél'tsova and N. D. Zelinskii [4] showed 
that the presence on the ring of such substituents as OH, Cl, CH3, and COOH has practically no effect on the rate 
of hydrogenation of aromatic nitro compounds at room temperature and atmospheric pressure. No work has been 
published on the reduction of nitroalkylphenols under these conditions. 


In order to study the catalytic reduction of such compounds, we synthésized a number of nitro compounds 
having alkyl groups on the ring; the properties of these compounds are presented in Table 1. In addition to 
these compounds, we also reduced purified o-nitrophenol with an m. p. of 47° and nitrobenzene with a b. p. of 
209°. The reactions were carried out at atmospheric pressure in a Liebig bomb at a thermostatically controlled 
temperature of 20°. Prepurified hydrogen was passed into an alcoholic solution of the nitro compound being re- 
duced; a specified amount of platinum catalyst was suspended in the solution. The catalyst was prepared by pre- 
cipitation of platinum on activated carbon from a solution of chloroplatinic acid in formalin. The catalyst con- 
tained 20* platinum. The experiments were continued until the absorption of hydrogen ceased. In all experi- 
ments, the consumption of hydrogen in the hydrogenation agreed with the theoretical amount. The reaction 
products — the corresponding aromatic amines — were isolated from the reduced alcoholic solutions after filtra- 
tion to remove the catalyst and distillation of the solvent under vacuum. As may be seen from the, properties 
of the resulting aminoalkylphenols presented in Table 2, there were no by-products formed. 


During the study of the rate of reduction of the nitro compounds, the reactions were carried out under com- 
parable conditions; approximately 0.0025 mole of the nitro compound (from 0.3 g to 0.65 g depending on the mol- 
ecular weight) in 25 ml of ethyl alcohol (which gave a nitro compound concentration of about 0.6 mole %) and 
0.5 g of catalyst were used; the reaction vessel was agitated by means of a rocker at 200 oscillations per minute. 


Figure 1 shows the rates of hydrogen absorption during the reduction of the nitro compounds. It should be 
noted that prior to the reduction of the major part of the material (about 85-90%), the absorption of hydrogen 
proceeded at a constant rate foreach compound, Table 3 presents the average values of the hydrogen absorption 
rates in each individual case; these values indirectly characterize the rates of reduction of the nitro compounds, 

It may be seén from these data that the rates of reduction of nitrobenzene and nitrophenol are practically the 
same (Figure 1, Curves 1 and 2), which is in complete agreement with the previously published result of A. A. 
Strel'tsova and N. D. Zelinskii [4]. However, the rate of reduction decreased by approximately 42% on going from xX 
nitrobenzene to butylnitrobenzene. A similar effect of an alkyl group on reduction rate was observed in the case 
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TABLE 1 
Physicochemical Properties of the Synthesized Nitroalkylphenols 


Elemental composition, 
C A 


Mol, wt, 
M.p.» 
°C eo calc, found calc. calc 


Product B.p., °C 


I, 2-Nitro-4-tert- 97/4 195 | 195 61,70 

butylphenol 61,64 
II, 2-Nitro-4-tert+ 118/41 205 | 200 | 4, 63,42 
279 


amylphenol 63,30 
IIL, Nitrodiamyl- | 169—189/6 281 68,2 
henol 68,89 


DOD 
ne MH 
oo os 


0, 
10°33 
lroxyphen- 


tert -butylphenol 49,84 


VI, Nitro~tert~ 122—124/10 67,65 
butylbenzene 67,77 


Formulas: 


RB 


CH, 

H, H, 

CH, | CH, H, 
H 
iv v ‘VI 


TABLE 2 


Physicochemical Properties of the Aminoalkylphenols Prepared by Reduction of the Corre- 
sponding Nitroalkylphenols 


Elemental composition, % 


Product B °C N 
calc, calc, calc, 


I. 2-Amino -4-tert-butylphenol 
Il, 2-Amino-4 -tert-amylphenol 
Ill. Aminodiamylphenol 


IV. pen 1- -amino- 
p-hydroxyphenyImethane 


V. 2,6-Diamino-4-tert~-butyl- 
phenol 


VI. Amino-tert-butylbenzene | 114—115/10 


OSC OD OO 


Sa 


Formulas 
CH, CH, CH, 
CH,— __S-OH __S—OH 
H H 


—CH,—CH 
ne 


CH, CH, 
H, 


Vv 


NH, 


* The amount of basic nitrogen was determined by potentiometric titration. 


N 
foundat 
61,52 1,17 
63,14 6,69 
68,78 5,08 
70,02 
5,44 
5, 11,39 
49,99) | 11,68 
67,01 | x31 | 7,88 
e 
102.5) 72,60 | | 9,15 | 8,47 
1199 | 74,04 66 7,80 
74,10 73,70 9,56 7,74 7,81 
| 80,48 | | | | 0,38 
CH 
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TABLE 3 


Hydrogen Absorption Rates During the Reduction of Nitro Compounds in Alcohol Solution in 
the Presence of Platinum Catalyst (temperature 20°, agitation rate 200 oscillations/ minute) 


3 INS 


CH, 


3,32 | 1,08 
3,08 CH,—CH;—C—< 1,30 0,42 


CH,—C—CH,—CH 
cu,—b-¢— S-on 1,75 | 0,57 — 
du, No, 0,77 | 0,25 
» NO, 


* The absorption rates were calculated for the consumption of 85-90% of the theoretical 
amount of hydrogen, which corresponds to the inflection points on the curves of Figure 1. 


Hz, consumption 
8 


160 


2460 


Fig. 1. The effect of the structure of aromatic nitro compounds on the rate of catalytic re- 
duction at 20° and a rocker rate of 200 osc./ minute. 1) nitrobenzene; 2) o-nitrophenol;’3) 
4-nitro-tert-butylbenzene; 4) 2-nitro-4-tert-butylphenol; 5) 2-nitro-4-tert amylphenol; 6) 
dimethylpheny1-m -nitro -p-hydroxyphenylmethane (nitration product of a complex phenol); 
1) nitrodiamylphenol. 


50 120 150 210 27¢min 


of nitrophenol and its alkyl derivatives, and the introduction of a second alkyl group into the ring retarded re- 
duction to an even greater degree. Thus, if the rate of reduction of nitrophenol is taken as unity, then the rates 
of reduction of butylnitrophenoi, amylnitrophenol, and diamylnitropheno were, respectively, 0.57, 0.42, and 0.29. 
When one of the hydrogen atoms of an alkyl group present in the ring of an alkylnitrophenol was replaced by a 
phenyl group, a further decrease in the reduction rate was observed. Thus, the rate of the reduction of dimethyl- 
phenyl-m-nitro-p-hydroxyphenylmethane [(4-(phenylisopropyl)-2-nitrophenol] was lower by a factor of approxi- 
mately 3.5 than the rate of reduction of nitrophenol. 


Thus, the rate of reduction in the nitroalkylphenol series decreases with an increase in the size and com- 
plexity of structure of the substituting alkyl groups; this can be explained by steric hindrance. 


du du, \NO, 
3 CH 
5 6 7 
4 
x 
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THE INFRARED SPECTRA OF CERTAIN ALKYL- 
AND ARYLFERROCENES 


Academician A. N. Nesmeyanov, L. A. Kazitsyna, 
B. V. Lokshin and V. D. Vil’chevskaya ‘ 


Insitute of Heteroorganic Compounds, Academy of Sciences USSR 


It has previously been shown that the presence of bands in the region of 1000 and 1100 cm™ in the infra- 
ted spectra of ferrocene derivatives can be considered proof of the presence of an unsubstituted cyclopentadiene 
ring [1, 2]. The next problem to be solved is the determination of the mutual disposition of substituting groups 
in one cyclopentadienering of homoannularly disubstituted derivatives of ferrocene. The literature contains sev- 
eral papers [3, 4] which consider the infrared spectra of acetylethyl- and ethyldimethylferrocenes in relation to 
this problem; certain regularities were found which permit distinction between the 1,2- and 1,3-isomers of these 
compounds, However,attempts to extend these rules to other homoannularly disubstituted ferrocenes were unsuc- 
cessful; it is probable that the features found in the infrared spectra in both of these cases are inherent only for 
these specific compounds. 


We investigated the infrared spectra, over the region covered by an NaCl prism, of a number of substituted 
ferrocenes. The data obtained are presentedinTable1* (the spectra were obtained with IKS-11 spectrometer, an 
EpP-09 electronic potentiometer being used to record the spectra over the region covered by the NaCl prism. 


Solid materials were used in the form of pastes in vaseline oil; the thickness of the layer of liquid samples was 0.05 
mm). 


We have already reported [1] that the spectra of the two homoannular diethylferrocenes (nD 1.5820 and 
1.5847) are distinguishable only by the band at 1277 cm~! which is present in only one of the spectra. Since 
both isomers absorb in the 1000 and 1100 cm! regions, which is proof of the presence of an unsubstituted cyclo- 


pentadiene ring, there remained only the proper assignment of the 1,2- and 1,3-diethylferrocene structures to 
the two compounds. 


The presence of absorption in the 1280 cm~! region was traced through a considerable number of ferrocene 
compounds (more than 50). It was necessary to exclude from consideration all carbonyl-containing compounds, 
since the intense absorption in this region’is due to deformation vibrations of the C = O- group, and cannot have 


any relation to the distinction of the infrared spectra of 1,2- and 1,3-isomers of homoannularly disubstituted fer- 
rocenes. 


Absorption in the 1280 cm~1 region was observed for all monoalkylferrocenes (except methylferrocene), 
for phenylferrocene, for all disubstituted alkyl- and arylferrocenes in which the substituents were in different 
rings, and, finally, for homoannular diisopropyl- and di-tert-butylferrocenes. The 1,3-structure was probable 
for the latter on the basis of steric considerations. On the contrary, absorption in the 1280 cm! region was ab- 
sent for known 1,2-disubstituted homoannular ferrocenes (reference here is to Compounds 11, 12, and 13), in 
which the 1 2-positions of substituents followed from their bicyclic structure. Nor was there absorption in this 
region for homoannular polymethylferrocene (a mixture of tetra- and pentamethylferrocenes). The synthesis 

and proof of structure of Compounds 11 and 12, which were obtained by condensation of aldehydes with ferrocene, 
were described previously [9]. The synthesis of Compound 13 is presented here. 


Synthesis of tetrahydroindenylcyclopentadienyliron: 1 g of ketotetrahydroindenylcyclopentadienyliron [12] 
was reduced with a tenfold excess of amalgamated zinc and hydrochloric acid in glacial acetic acid (the mixture 


*See pages 292-293, 
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- 
a 
: 
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. was heated for an hour after standing for a day). This procedure gave 0.9 g of a yellow oil, which crystallized 


on standing in a desiccator. The substance had an m. p. of 36-36.5° after recrystallization from methyl alco- 
hol. 


Found %: C 70.17; 70.04; H 6.84; 6.79; Fe 23.21; 23.35 CyHyFe. Calculated %; C 70.00; H 6.67; Fe 
23.34, 


This compound also did ‘not absorb in the 1280 cm*! region. 


The material considered above makes probable the assumption that absorption in the 1280 cm-tregion is 
associated with the presence in a ferrocene derivative of two unsubstituted carbon atoms adjacent to a carbon 
atom substituted with a hydrocarbon radical. The presence of this band in spectra of homoannular disubstituted 
ferrocenes indicates a 1,3-distribution of the substituents. 
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1409 av |1469 { |1406 av| 1403 
1450 1 1450 1 1413 
1446 
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Notes: 1. Notation: i) intense; av) average; w) weak; braces indicate that the braces in- 
the 1380-1450 cm~! region may be due to the vaseline oil. 3. Compound 16 was prep- 
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dicate that the bands partially overlap. 2. In the case of solid compounds, absorption in 
ared by T. V. Nikitina, and Compound 18 by L. V. Ershova. 
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_ON THE ADDITION OF ETHYLLITHIUM AND BUTYLLITHIUM TO 
VINYLALKYLACETYLENES 


A. A. Petrov and V. A. Kormer 
Lensoviet Leningrad, Technological Institute 


(Presented by Academician B. A. Arbuzov, December 11, 1958) 


The literature contains only a little information relative to the addition of organolithium compounds to 
carbon-carbon multiple bonds [1-3]. Monomeric addition products are formed only by arylolefins, and in this 
case the radical adds to the terminal, less- substituted carbon atom. The action of organolithium compounds on 
olefins and diolefins results in telomerization; however, when the reaction mixture obtained from olefins is hy- 
drolyzed or treated with CO,, only substances corresponding in composition to simple addition products can be 
isolated. In the case of diolefins, the addition of alkyllithiums proceeds in the same manner, but the initial ad- 
dition products apparently undergo a tautomeric change which results in further telomerization to substances with 
both normal and branched structure. A decrease in temperature promotes the formation of the latter. 


The addition of organolithium compounds to vinylacetylenic hydrocarbons has not been studied. 


Experiments which we have carried out showed that vinylalkylacetylenes readily add ethyllithium and 
butyllithium in 1; 1 ratio ; treatment of the reaction mixture with water results in the formation of hydrocar- 


bons of the composition CjHyp-, and a tarry residue. The constants of the hydrocarbons prepared from vinyl- 
methylacetylene and vinylethylacetylene are given in the table. 


The reaction would be expected to result in the formation of hydrocarbons belonging to one of the 
following six types and having an acetylenic,a 1,3-diene, or an allenic group. 
R-CH=C=CH-CH;R' (1) (IV) 
R' 


R-C=C=CH-CH, (II) R-C (V) 


| 
R 


R = CH= CH, (IIT) 


R-C =C-CH-CH, (V1) 
R’ 


As in other cases [4], the nature of the multiple bond system in the hydrocarbons was determined from 
their infrared spectra. 


Only the band characteristic of the allenic grouping (1960 cm~!)appeared in the infrared spectra of all 
of these hydrocarbons, and the bands corresponding to the 1,3-diene and the acetylenic systems were absent 
‘(Figure 1, Curves 1 and 2). Thus, Formulas (III)-(VI) are excluded. 


Selection between Formulas (I) and (II) was made on the basis of a study of the hydrogenation products of 
these allenic hydrocarbons, 


Two hydrocarbons are possible from the addition of ethyllithium to vinylmethylacetylene and subsequent 
hydrolysis and hydrogenation; n-heptane and 3-methylhexane. In a similar manner, n-octane or 3-ethylhexane 


294 


could be obtained from the product of the addition of ethyllithium to vinylethylacetylene. The infrared spectra 
of the hydrogenation products were identical to the spectra of n-heptane and n-octane. Hydrocarbons with nor- 
mal structures were obtained by hydrolysis and hydrogenation of the other two addition products. 


TABLE 1 


Substance B.p., °C 


CHs — CH = C = CH—- 52—53 |150/0, 7274/1 , 4360/87 ,58 


87,74 
CHs — CH = C= CH —C;Hn 64—65 40/0, 7555)1 , 4454/86 , 90 


87,39 
— CH = C = CH—CaH, | 77,5—78,5 |15010, 7443/1 ,4432)87, 44 


7,34 
— CH =C = CH — | 82,5—83,5 | 40)0, 7655)1 , 4496)87 , 02 


87 ,32 


% 
100 
40 
2 
0 


Transmission, % 
es 8 8 


Fig. 1. Infrared transmission spectra. 1) 2,3-heptadiene; 


2) 3,4-octadiene; 3) residue boiling above 160° at 5 mm 
(from the reaction of vinylethylacetylene with ethyllithium). 


Thus, it has been established that alkyllithiums add to vinylalkylacetylenes by 1,4-addition, the lithium 
atom going to the triple bond. The latter circumstance probably explains the formation of rather large amounts 


of the 1-to-1 addition product, since organolithium compounds with the lithium atom at.a doubly bonded car- 
bon atom should be less reactive than the alkyllithium. 


The tautomeric organolithium con.pound with the Ifthium atom attached to a singly bonded carbon atom 
(B) is apparently not formed during the course of the reaction. 


R-CLi= C= CH~-CH,—R'(A) #R-C (B) 
Li 


| | Found | Calc, 
= Cc | H Cc | H 
12,38|87,42| 12,58 
12,38 
12,99 | 87,02] 12,84 
12.89 
12,72 | 87,19] 12,98 
12.75 
13,08|86,88| 13,42 
13,14], 
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If such intermediates were formed, then compounds with a triple bond would have to be present among the pol- 
ymers. However, the band corresponding to a triple bond was not found in the infrared spectrum of the polymer 
(Figure 1, 3). The spectrum tid contain a double bond frequency, apparently belonging to the system — CH = 
CH -, since in the deformation frequency region there was strong absorption at 964 CM, This grouping could 
most readily arise by isomerization of the allenic system in the polymer.* 


This reaction is a new method for the preparation of the least available and least studied group of allenic 
hydrocarbons with almost ai:y given position of the allenic group in the interior of the hydrocarbon chain. 


EXPERIMENTAL 


The vinylalkylacetylenes were prepared by the usual method [5}. The ethyllithium and the butyllithium 
were synthesized from the corresponding alkyl chlorides in ether or petroleum ether (56-60°) by a known meth- 
od [1]. A change in the nature of the solvent had no effect on the structure of the addition product; however, 
the reaction proceeded considerably more rapidly and the yield of allenic hydrocarbons was higher in ether. The 
concentration of the alkyllithium solutions used in the reactions were 0.94-1.0 N, and were determined by dou- 
ble titration [6]. A more detailed description of the reaction between ethyllithium and vinylethylacetylene is 
presented below. 


0.5 mole of an ether solution of ethyllithium followed by 0.5 mole of vinylethylacetylene diluted with 
the same solvent in a ratio of 1: 1 were introduced, from a Schlenk tube and counter-current to a stream of ni- 
trogen, into a three -neck flask fitted with a stirrer, a reflux condenser, and a thermometer and preliminarily 
purged with nitrogen. An increase in temperature was observed when the reactants were mixed. At the conclu- 
sion of the reaction (after 20 minutes) the contents of the flask were poured into ice water. The upper hydrocar- 
bon layer was washed with water to a neutral reaction, dried with aluminum oxide, and distilled. This procedure 
gave 20 g of 3,4-octadiene with the constants given in the table and 20 g of higher-boiling products, half of 
which distilled at temperatures up to 160° under vacuum (5 mm). 


In a similar experiment in which petroleum ether was used as the solvent, the temperature rise was slight 
(about 10°), and the reaction continued for about 1.5 hours. 15 g or 3,4-octadiene and 10 g of higher-boiling 
products were obtained. The analytical data for the resulting allenic hydrocarbons are presented in the table. 


1025 ml of H, (771.9 mm, 19°) was absorbed during the hydrogenation of 2.2 g of 2,3-heptadiene in 30 ml 
of methanol in the presence of colloidal palladium (10 ml). 1.8 g of heptane was obtained; b. p. 98-99°, . 
0.6833, and n™D 1.3880, which are in agreement with the literature values [7]. 


4200 ml of Hz (770.5 mm, 20.5°) was absorbed during the hydrogenation of 9.6 g of 3,4-octadiene in 40 
ml of methanol, 9.0 g of octane was obtained; b.p, 125-126", @*, 0.7021 and n?°p 1.3980 which are in agree- 
ment with the literature values, 
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AN INVESTIGATION OF THE CONFORMATION EQUILIBRIUM IN 
THE TRANS-1,2-DIHALOCYCLOHEXANE SERIES 


T. N. Pliev 
Yakutsk State University 


(Presented by Academician M. I. Kabachnik, December 26, 1958) 


The substituents in molecules of trans-1,2-disubstituted derivatives of cyclohexane can occupy either the 
equatorial (ee) or axial (aa) positions, and either conformation can be transformed into the other through con- 
version of the cyclohexane ring. An investigation of the conformation equilibrium in the trans-1,2-dihalocyclo- 
hexane series would make possible the determination of the most stable conformation of the molecules under 
various conditions, Through the use of electron diffraction and dipole moment measurements and partially by 
means of vibrational spectra [1-6], it has been successfully shown that both in the vapor phase and in solution, 


these halogen derivatives of cyclohexane occur as equilibrium mixtures of the diequatorial and diaxial confor- | 
mations, 


Of the trans-1,2-dihalo-derivatives of cyclohexane, 1,2-dichloro-, 1,2-dibromo-, and 1,2-chlorobromo- 
cyclohexanes have thus far been synthesized. 


It appeared to be of interest to determine the concentrations of the various forms of molecules in solution 
as functions of temperature and nature of the solvent, and also to determine the differences in the energies of 


these forms. The present work was devoted to an investigation of these questions by means of dipole moment 
measurements. 


The synthesis of the trans-1,2-dihalocyclohexanes was carried out by methods described in the literature 
[5, 7, 8]. The resulting samples were characterized by the following constants; trans-1,2-dichlorocyclohexane 
—b. p. 71.0° (15 mm), np 1.4880, 1.1786; trans-1,2-dibromocyclohexane — b. p. 101.3°(14 mm), n™D 
1.5509, d”, 1.7839; trans-1,2-chlorobromocyclohexane — b. p. 85.9° (14 mm), n™D 1.5175, a”, 1.4791. 


Determination of the dipole moments of the three trans-1,2-dihalocyclohexanes was carried out in ben- 
zene and in carbon tetrachloride solution. The dielectric constant measurements were carried out by the bea 
method. Polarization was calculated by the Halverstadt — Kumler equation [9]: 

[2 
t+ 2 dy (€y—1)(e,+2) 
where the coefficients a and b were determined from the relations: 


€ = am and d= d,+ bm. 


The dipole moments were calculated by means of the equation 


= 0,0128\/ -Pa)T. 


where the molar polarization P, ., = Mg'P;0 (M,— molecular weight of the dissolved substance). All symbols 

have their usual significance. ‘Ihe electronic polarization of the molecules was taken equal to the molar refrac- 
tion, MRp, and was calculated on an additive basis using published values of the atomic refractions for the sodi- 
um D line. The atomic polarization was calculated from the relation: P4 = 0.05 MRp. 
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Table 1 presents the dielectric constants and densities of the solutions, and Table 2 presents the values 
found for the dipoie moments. 


TABLE 2 Of the two conformations of the trans-1,2-dihalocyclo- 
Molar Polarizations andDipole Moments of hexanes, 1la2a and le2e, the first should have a dipole mom- 
ok ent of zero, while the second should have a moment of approx- 
ans-1, y imately the same value as that of the “left” -forms of 1,2-di- 
In CoH, [In CCl, haloethanes. Therefore, if the quantitative ratio of these con- 
Ykolution |solution formations changes with a change in the temperature of solvent, 
Substance é then there must be a corresponding change in the observed di- 
Nl It may be seen from the data of Table 2 that the mom- 
Trans-1, 2- 25 | 181,1| 2,63] $44,3| 2,23 ent of trans-1,2-dichlorocyclohexane is almost independent 
CgHyoCle of temperature over the interval 25-50°. On the other hand, 
Trans-1, 2- Pa ed be the dipole moments of this derivative in the temperature in- 
CgHiBre terval 25-50° differ appreciably from the dipole moment meas- 
. | 0 | 1344] 2,16 | 104.5 | 1,80 ured in the vapor phase at 239°[3}. An appreciable difference 
Trans-1, 2- 25 | 166,4 | 2,48 | 127,3 | 2,06 
CgHioCiBr 30 165,3 2,49 126.7 2,07 was also observed between the moments measured in benzene 
50 | 15676 | 2548 | 120;6 | 2°06 and those measured in carbon tetrachloride, 


A significant difference was also observed between the 
dipole moments of trans-1,2-dibromocyclohexane measured in benzene solution and those measured in carbon 


tetrachloride. The picture was similar in the case of trans-1,2-chlorobromocyclohexane. 


On the basis of the observed dipole moments, it was possible to determine the concentrations of the le2e- 
and la2a-forms of the dihalocyclohexanes in the different solvents using the equation 


= (Nene + N gud) / (NQ+N,). (1) 


where N, and N, — are the numbers of molecules of the le2e- and la2a-forms, and, andy, are the corre- 
sponding dipole moments. 


The results of the calculations are presented in Table 3, where C, and Cg denote the mole fractions of 
the le2e~ and 1a2a-forms. In the calculation of y,, the value of the C-halogen bond moment was taken as 1.9 
D, a value which follows from the dipole moments of cis-1,2-dihalo derivatives of cyclohexane. The calcula- 
tions for trans-dibromocyclohexane in n-heptane solution and also at 10° in the other solvents were carried out 
using the data of reference [4]; in the case of 1,2-dichlorocyclohexane, the calculation for the vapor phase (239°) 
was carried out by means of the data of reference [3]. This same table presents the differences in the energies 
of the le2e- and 1a2a-forms. Calculation of AE was based on Equations (1) and (2): 


Ne/N, = fe/f exp (— AE/RT), (2) 
and in this case it was assumed that fe/f, = 1. 


It may be seen upon examination of Table 3 that for the various trans compounds in benzene solution, the 
mole fractions of the 1e2e-form decreased in the following order: trans-1,2-CgHyoCl, > trans-1,2-CgH;9CIBr > 


trans-1,2-CgHyBr,. The data illustrate the presence of a specific dynamic equilibrium between the two confor- 
mations: le2e = 1a2a. 


With an increase in the size of the substituents, the energy of the le2e-form increases, and the mole frac- 
tion of the 1a2a molecules at equilibrium simultaneously increases. The energy differences show that in ben- 
zene solution, the le2e-form of trans-1,2-C,HyCl, and of trans-1,2-C,H, ClBr is more stable than the la2a- 
form, while in the case of trans-1,2-CgH,oBr,, on the contrary, the 1a2a-form is somewhat more stable than the 
le2e-form. In CCl, solution, the diequatorial conformation of trans-1,2-CgH, Cl, is somewhat more stable than 
the diaxial conformation. Kozima et al [4] came to a contradictory conclusion, apparently due to the fact that 
their value of the dipole moment of the dichloro derivative in CCl, was somewhat lower. For the other two trans- 
1,2 derivatives in CCl, solution, the 1a2a-form is more stable than the 1le2e-form; the picture is similar for the 
dibromo derivatives in n-heptane solution.” Thus, in all three solvents, the diaxial conformation of trans-1,2- 
dibromocyclohexane ‘has less energy and is correspondingly more stable as compared to the diequatorial confor- 


mation, which is in contradiction to the mle of Hassel, which requires predominance of the equatorial form in 
cyclohexane derivatives, but these facts confirm the distinct role of steric and electrostatic factors in the differ- 
ent cyclohexane derivatives. 


TABLE 3 


Mole Fractions of 1a2a- and 1e2e-Forms in trans-1,2-Dihalocyclohexanes in Dynamic 
Equilibrium and the Energy Differences Between the Die quatorial and Diaxial Confor- 
mations 


In solution | In CC, solution Vapor phase 


a 
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a 
ole 


Substance 
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=== 
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oo 
o 
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Trans-1,2- 
9CiBr 


A comparison of the energy differences between the two forms of dichloro and dibromo derivatives in the 
same solvent shows that the le2e-form of trans-1,2-CgHy9Br, is less stable than the le2e-form of trans-1,2- 
CgHyCl,. This is explained by the greater van der Waals radius of Br as compared to that of a Cl atom. 


In benzene solution, the die quatorial form of trans-1,2-chlorobromocyclohexane is the more stable form, 
while in CCl, solution, the diaxial form is the more stable form; this is in agreement with the increase in the 
mole fraction of the latter. 
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POLYMERIZATION OF 8 -NITROSTYRENE 


Academician A. V. Topchiev, V. P. Alaniya and I. S! Mazel* 


Investigation of the polymerization of 8 -nitrostyrene is of interest in connection with the very consider- 


able problems facing investigators occupied with the search for new monomers and methods of polymerizing 
such monomers. 


The investigation of the polymerization of 8 -nitrostyrene is also of theoretical interest, since it is struc- 
turally related to the type of compounds which are difficult to polymerize and which yield only dimers. 


It is probable that this explains why a search of the literature did not uncover any work on the polymeriza- 
tion of 8 -nitrostyrene except for a communication by Volander and Herrman, who reported in 1899 [2] that in 


the presence of Na malonic ester 8 -nittostyrene formed an insoluble polymer with a melting point of about 
280°. 


\| A B 
(4 


oN 
60 60 


20 0 00 wt! 0 6% 2 6 6 6 
Sodium methylate 


Fig. 1. Yield of 8 -nitrostyfene polymer in the presence of sodium 
methylate catalyst. A) variation with temperature; B) variation — 
with amount of catalyst at the optimum temperature (— 10°); C) 

variation with polymerization time. 


The § -nitrostyrene was prepared by condensation of nitromethane with benzaldehyde [1]. The resulting 
product had a molecular weight of 149 and a melting point of 58°. 


The polymerization of 6 -nitrostyrene was carried out ina three-neck flask fitted with a stirrer, a condenser, 
and a thermometer. The required reaction temperature was maintained by means of the appropriate bath (water, 
oil, ice, ice—salt, or ethyl alcohol—dry ice). Chloroform was added to the reaction products, part of the products 
dissolving and part remaining as a solid. This remaining solid was dried under vacuum to constant weight, and 
was then treated with ethyl alcohol, in which it partially dissolved. 


The results of analyses of the chloroform-insoluble and the ethyl alcohol-insoluble products (determina - 
tion of the Rast molecular weight and the melting point) showed that the treatment with chloroform separated 
the unreacted 8 -nitrostyrene, and the et! /l alcohol treatment separated the 6 -nitrostyrene trimer. The residue 
insoluble in chloroform and ethyl alcohol was a white amorphous powder — 6 -nitrostyrene polymer. 


A number of catalysts were tested for polymerization of § -nitrostyrene. 


The use as catalysts of such compounds as boron trifluoride etherate, a molecular compound of boron tri- 
fluoride and phosphoric acid, benzoyl peroxide, and pyridine had no effect. 


An amorphous powder, 8 -nitrostyrene polymer, was obtained in the presence of Na malonic ester as the 
catalyst. The most active catalyst was sodium methylate; the present work constitute’ the first use of this ma- 
terial as a catalyst for this reaction. 8-Nitrostyrene polymerizes rea‘ily in the presence of this catalyst, yield- 


ing an insoluble, amorphous polymer. 


j 
200°C 
Fig. 2. Thermomechanical curve, 


at a load of 100 g, for 6 -nitro- 
styrene polymer. 


The variations in the yield of polymer with temperature, amount 
of catalyst, and reaction time were all investigated. The reaction was 
carried out in the temperature interval of 70 to -30°, the amount of 
catalyst was varied from 1 to 4.9%, and the time was varied from 30 
minutes to 14 hours. The results are presented in Figures 1, 2 and 3. 
As may be seen from these results, the optimum temperature, at which 
the yield of polymer reached 98%, was —10°, the reaction being carried 
out in the presence of 4.7% catalyst, with respect to the amount of mon- 
omer, and at a reaction time of 10-12 hours. In the presence of 2.3% 
catalyst, the yield of polymer was 79%, The polymer yield dropped 
from 79 to 40% when the reaction time was changed from 12 hours to 
30 minutes. 


Up to 6% 6 -nitrostyrene trimer was also formed, in addition to 
the polymer. The 6 -nitrostyrene polymer was insoluble in alcohols, 
halogen derivatives, paraffins, amines, aldehydes, organic acids, aro- 
matic hydrocarbons and their derivatives, and a number of other solvents. 


Fig. 3, X-ray photogram of § -nitrostyrene polymer. 


Fig. 4, X-ray photomicrogram of B -nitrostyrene poly:ner, 
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Determination of the melting point of the polymer in a nitrogen-filled capillary gave a value of 215°, 
A thermomechanical curve of the polymer is presented in Figure 2. An x-ray investigation of the polymer was 
also carried out. An x-ray pattern of § -nitrostyrene polymer is presented in Figure 3, and Figure 4 presents an 
x-ray photomicrogram of the polymer. The inner ring due to polymerization of the material fs clearly distin- 
guished in the x-ray pattern. 


A comparison of the x-ray pattern with the pattern of polystyrene indicated that the structure of the 6« 
nitrostyrene polymer is similar to that.of polystyrene. 
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THERMAL ISOMERIZATION OF 2-METHYL-4,5-DIHYDROFURAN 
TO METHYL CYCLOPROPYL KETONE 


Corresponding Member AN SSSRN. I, Shuikin, I. F, Bel'skii 
and R, A, Karakhanov 
N. D. Zelinskii Institute of Organic Chemistry 


In 1947, Wilson [1], who was investigating the thermal transformations of 2,3-dihydrofuran, found that this 
compound is isomerized at 375° to cyclopropanecarboxaldehyde; there is also formed a small amount of crotonal- 


dehyde which, under the conditions of the experiment, is partially decarboxylated to propylene. The formation 
of gas increases with an increase in temperature: 


CO + CH;CH=CH, 


Wilson showed that the isomerization of dihydrofuran to cyclopropanecarboxaldehyde is reversible, since 
when cyclopropanecarboxaldehyde was fed to the reaction zone under the same conditions, the formation of 
small amounts of dihydrofuran was observed. The inequality of the C—O bonds in the dihydrofuran molecule 
de pends only on the presence of a double bond in the ring, and it is precisely this which must determine the 
course of the cleavage of the dihydrofuran ring. Wilson considered that in isomerizing to cyclopropanecarbox- 
aldehyde, 2,3-dihydrofuran behaved like vinyl ethers. However, it is clear from purely structural considerations 
that the formation of cyclopropanecarboxaldehyde can result from cleavage of the dihydrofuran ring both at the 
1,2-C —O bond and at the 1,5-C —O bond, and, therefore, its formation by isomerization of 2,3-dihydrofuran 
cannot be considered a final answer to the question of the course of cleavage of the dihydrofuran ring. When, 
however, &-alkyldihydrofurans are isomerized, two different products, an aldehyde or a ketone, are possible de- 
pending on which of the two C —O bonds undergoes cleavage: 


Rupture of 1 ,2-bond 


—< Rupture of 


We undertook the problem of studying the isomerization of those a-alkyl substituted 2,3-dihydrofurans in 
which the alkyl group is located at a double bond. 


In studying the thermal conversion of 2-methyl-4,5-dihydrofuran at temperatures in the range of 300-500°, 
we found that it is isomerized to methyl cyclopropyl ketone (Reaction II) at 475-500°. This result shows that dur- 
ing isomerization, the dihydrofuran ring undergoes cleavage at the 1,5-C —O bond with subsequent formation of 
a new bond between the 3 and 5 carbon atoms, while a ketone group forms in the side chain. 


In contrast to the isomerization of 2,3-dihydrofuran to cyclopropanecarboxaldehyde, which is reversible, 
the isomerization of 2-methyl-4,5-dihydrofuran to methyl cyclopropyl ketone proceeds irreversibly, since the 
latter is not reversibly converted to 2-methyl-4,5-dihydrofuran at 475-500°, 
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EXPERIMENTAL 


The dihydrosylvan was prepared by dehydration of acetopropanol by the method of Kyrides and Zienty 
[2]. After distillation in an efficient column, it had the following constants: b. p. 79-80° (750 mm), d?°, 0.9040 
and np 1.4297, The thermal isomerization was carried out in a quartz tube at 475-500°; quartz chips were 
used as packing for the tube and heat carrier. 50 g of dihydrosylvan was used in each experiment; it was fed to 
the tube, which was heated by an electric fumace, over a period of ~10 hours. Under these conditions, the con- 
version was practically 100%, : The yield of liquid product usually comprised 40-45 g (80-90%). About 1.5 liters 
of gas was collected in each experiment. The refractive index of the dried liquid product was 1.4495; distilla- 
tion in a column having an efficiency of 30 theoretical plates gave 16.2 g (32.4% of theoretical) of methyl cyclo- 
propyl ketone, which boiled at 110.2-110.4° (742 mm); d”, 0.8996 and n®°D 1.4250; m. p. of semicarbazone, 
119-120° There was also obtained about 18 g of a high-boiling residue, which was not analyzed. Analysis of 
the gas showed that it consisted chiefly of.CO (69%), methane (12%), and ethane (10%). It was possible to in- 
crease the yield of methyl cyclopropyl ketone to 40-50% by increasing the rate at which the dihydrosylvan was 
passed through the tube; however, this decreased the conversion to 50-60%, 
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INVESTIGATION OF THE MECHANISM OF THE HYDROLYSIS OF NITRO-SUBSTITUTED 
ARYL SULFONATES BY MEANS OF 0” 


R. V. Vizgert, E. K. Savchuk and M. P. Ponomarchuk 


Lvov Polytechnic Institute, L. V. Pisarzhevskii Institue of Physical Chemistry, 
Academy of Sciences USSR 


(Presented by Academician M. I. Kabachnik, February 15, 1959) 


The hydrolysis of esters can proceed by an acyl-oxygen [1-3] or an alkyl-oxygen [4] mechanism (and more 


rarely by both mechanisms simultaneously [5]). The electronegativies of the radicals R and R’ in the ester 
Oo 


R-C [6], have a substantial effect on the mechanism of the hydrolysis, as does also the presence of sub- 


stituents which cause steric hindrance at the site of the reaction [7-9]. Esters of carboxylic acids and primary ali- 
phatic alcohols, and phenols hydrolyze by the acyl-oxygen mechanism [10-13]. An alkyl-oxygen mechanism is 
favored by an increase in the strength of the acid [6] and by the introduction of electron donor groups into R', which 
increases the stability of R' as a carbonium ion, as occurs in esters of tertiary alcohols {14}. The question of which 
bond is ruptured can be unequivocally decided by the. isotope method. A study of the kinetics of the hydrolysis of 
esters permits an estimation of the details of the reaction mechanism and, in particular, a decision as to whether it 
proceeds as an Sy or an Syy2 reaction. It can be considered as established that alkyl esters of substituted benzene - 
sulfonic acis, XArSO,OR, hydrolyze by rupture of the bond at the alkyl group [15]; if R is a radical from a primary 
alcohol, then the reaction proceeds by an S,;2 mechanism (16, 17], while if R is a radical from a benzyl [18], cy- 
cloalkyl [19], or a secondary or tertiary aliphatic alcohol [20], then the reaction proceeds by an ionic Sy1 mechan- 
ism. The question of the site of bond rupture and of the hydrolysis mechanism of aryl esters of aromatic sulfonic 
acids has remained an open one for a long time. There is presently only a single paper on this problem; with the 
aid of H,0*, this work showed that the hydrolysis of phenyl p-toluene-sulfonate proceeds by acyl-oxygen fission [21]. 


Our investigations on the kinetics of the hydrolysis of aryl sulfonates [22-24] confirmed an acyl-oxygen S,2 mech- 
anism for these compounds. 


From our data from an investigation of the hydrolysis kinetics of aryl sulfonates, it follows that the introduc- 
tion of electrophilic substituents into both the acid and, particularly, the alcohol composing the ester sharply in- 
creases the rate of hydrolysis. In contrast to other substituted aryl sulfonates, ary! sulfonates containing two, and 


even one nitro group in the phenol part of the molecule are hydrolyzed by water and exhibit arylating properties 
in reactions with ammonia and amines [25, 26]. 


Considering that in these reactions these esters react with rupture of the O-Ar bond, like alkyl sulfonates, it 
was of interest to investigate alkaline and neutral hydrolysis of nitro substituted aryl sulfonates by water enriched 
in heavy oxygen in order to determine the site of bond rupture during hydrolysis. 


In the present work, the following compounds were subjected to alkaline hydrolysis by means of H,0* : 
phenyl 4-nitro-benzenesulfonate (1), 4-nitrophenyl benzenesulfonate (2), 2, 4-dinitrophenyl 2-nitrobenzenesul- 
fonate (3), and 2,4-dinitrophenyl p-toluenesulfonate (4). Esters (3) and (4) and also 2, 4-dinitrophenyl benzene - 
sulfonate were subjected to neutral hydrolysis with water enriched in heavy oxygen. The esters were prepared by 


the.interaction of the appropriate sulfonyl chlorides with phenolates in absolute alcohol [25]. The purity of the 
esters was checked by melting point and sulfur analysis. 


306 


\ 
x 
n 
= 


The alkaline hydrolysis was carried out in a dioxane—water medium containing 70% dioxane. The ester 
and the base were used in a ratio of 1:3. The reaction was carried out for 6 hours at a temperature of 80 °C in 
flasks fitted with reflux condensers and placed in a thermostatted bath. After completion of the reaction, the 
aqueous dioxane solutions were evaporated to dryness under vacuum. 


The sulfonate and the phenol formed in the hydrolysis and the unreacted base were dissolved in a small 
amount of water and neutralized with hydrochloric acid. To separate the phenols the acid solutions were treat- 
ed with ether, the ether extracts were dried, evaporated, the separated phenol was distilled under vacuum, and © 
the p-nitrophenol and dinitrophenol were additionally purified by crystallization. The aqueous solution of sul- 
fonic acid remaining after the extraction was neutralized with potassium hydroxide and evaporated. The pre- 


cipitated salt was recrystallized several times from water, dried in a desiccator, ond additionally recrystallized 
from alcohol. 


The neutral hydrolysis was also carried out in aqueous dioxane solutions, but the heating was continued for 
40-50 hours. Upon completion of the reaction, the acid solution was neutralized with KOH. Separation and pu~ 
tification of the phenols and sulfonates were carried out as described above. 


Both hydrolysis products — phenol and sulfonate — and also the original water were analyzed for O” [27, 28}. 
The analysis showed that the phenols contained practically no excess heavy oxygen; from zero to 0.02% excess of 
this isotope above the natural content was found in place of the 1.05% and the 1.2% possible in experiments on al- 
kaline hydrolysis and on neutral hydrolysis, respectively. The sulfonates contained o* in amounts very close to 
that which would be expected from the transfer to them of one atom of oxygen from the water enriched in heavy 
oxygen (0.96-0.98% in the experiments on alkaline hydrolysis and 1.11-1.13% in experiments on neutral hydrolysis). 


These data show that all of the aryl sulfonates investigated hydrolyze (during neutral and alkaline hydrolysis) by an 
alkyl-oxygen mechanism according to 


ArsO,OAr' + ArsO,0"H + Ar’O + ArsO,0"" + Ar'OH 


Considering the data from previous kinetic investigations, it can be assumed that hydrolysis takes place as 
the result of a nucleophilic attack of an OH~ ion on the positively charged sulfur atoms, 


With the aim of clarifying the intermediate stages in the mechanism of aryl sulfonate hydrolysis, we car- 
ried out neutral hydrolysis of 2, 4-dinitrophenyl 2-nitrobenzenesulfonate and 2, 4-dinitrophenyl p-toluenesul- 
fonate without allowing the reaction to go to completion. The unreacted ester groups did not contain excess oe. 


These data permit the assumption that the intermediate complex Ar~S \_ 


is not formed during the course 


of the hydrolysis, or it loses a phenoxide ion more rapidly than an OH” ion, or, finally, a shift of a proton from 
one oxygen atom to the other in this complex cannot take place prior to decomposition of the complex, and the 
oxygen atoms are thus not indistinguishable. In this respect, the aryl sulfonates are similar to the phenyl esters 

of benzenesulfonic acids, for which oxygen exchange was not observed during hydrolysis [30]. In contradiction 

to this, the alkyl benzoates (during hydrolysis)undergo oxygen exchange [31]. The fact that the O — Ar bond of 
nitro substituted aryl sulfonates is ruptured 1 reactions with amines [26] while an S —O bond is ruptured during 
neutral and alkaline hydrolysis can be explained by the similarity in properties of the esters investigated and acid 
anhydrides, since cleavage of their molecules can take place on both sides of the ester oxygen, the location of the 
cleavage depending on the conditions and the partner in the reaction. Thus, our data on the acyl-oxygen route of 
hydrolysis of the esters investigated are not contradictory to the arylating properties of some of them. 


We also studied the possible oxygen isotope exchange between H,O* and dioxane, sodium benzenesulfonate, 
and 2, 4-dinitrophenol under the same conditions used for the hydrolysis studies, since such exchange could alter 
our results. The dioxane was recovered from the aqueous dioxane mixture after the reaction had been continued 
for 40 Rous at 80°, and, after careful drying and distillation over metallic sodium, the dioxane contained no ex- 
cess O*. The solution of sodium benzenesulfonate was heated with H,0* for 4 days on a boiling water bath. The 
dried salt, recrystallized from alcohol, did not contain heavy oxygen, According to the literature, 2, 4-dinitro- 
phenol undergoes oxygen exchange at 140° [29]. In contrast to this, under the hydrolysis conditions (heating at 
80° for 40 hours with a mixture of H,O™ and dioxane), we did not detect isotope exchange. These control experi- 


ments showed that under the conditions used in our experiments, undesirable isotope exchange reactions did not 
occur. 
LITERATURE CITED 
[1] M. Polanyi and A. L. Szabo, Trans. Faraday Soc., 30, 508, (1934). 
[2] D. N. Kursanov and R. V. Kudryavtsev, J. Gen. Chem., 26, 1040, (1956) [USSR]. 
[3] I.Roberts and H. Urey, J. Am. Chem.Soc., 60, 239°, (1938). 
[4] M. L. Bender and R. S. Dewey, J. Am. Chem. Soc., 78, 317, (1956). 
[5] I. B. Herbert and E. Blumenthal, Nature, 144, 248, (1939). 
[6] M. Anber and I. Dostrowsky, et al., J. Chem. Soc., 3603, (1954). 
[7] V. Stimson, J. Chem. Soc., 2010, 2673, (1955). 
(8) H. Goering, T. Rubin and M. Newman, J. Am. Chem. Soc., 76, 787, (1954). 
[9] R. Dabby and A. Davies, J. Chem. Soc., 3619, (1953). 
{10} C. K. Ingold, J. Chem.Soc., 756, (1932). 
(11] I. N. Day and C. K. Ingold, Trans. Faraday Soc., 37, 686, (1941). 
(12) L. Hammett, Physical Organic Chemistry, 350, N. Y., (1940). 
{13} S. N. Baranov and R. V. Vizgert, J. Gen. Chem., 27, 209, (1957) [USSR]. 
[14] I. Hawke and V. Stimson, J. Chem. Soc., 4676, (1956). 
(15) N. Ader, Thesis, (London, 1949). 
{16} E. Tommila and M. Lindholm, Acta Chem. Scand., 4, 491, (1951). 
[17] R. V. Vizgert and E. K. Savchuk, J. Gen. Chem., 26, 2261, (1956) [USSR]. 
[18] J. Kochi and G. Hammond, J. Am. Chem. Soc., 75, 3445, (1953). 
{19} H. Brown and G. Ham, J. Am. Chem, Soc., 78, 2735, (1956). 
(20) E. Tommila and J. Jutila, Acta Chem. Scand., 6, 975, (1955). 
[21] C. A. Bunton and Frei, J. Chem. Soc., 1872, (1951). 
(22) R. V. Vizgert, Ukr. Chem. J., 20, 272, (1954). 
[23] R. V. Vizgert, J. Gen. Chem., 28, 1873, (1958) [USSR]. 
[24] R. V. Vizgert and E. K. Savchuk, J. Gen. Chem., 26, 2268, (1956) [USSR]. 


(25] R. V. Vizgert and E. K. Savchuk, J. Gen. Chem., 28, 2114, (1958) [USSR], 


(26) R. V. Vizgert and Ya. P. Berkman, J. Gen, Chem., 28, 2119, (1958) [USSR]. 

{27} I. P. Gragerov, Problems of Kinetics and Catalysis, Isotopes in Catalysis, 373, (Moscow, 1957). 

[28] A. I. Brodskii, S. T. Demidenko, L. L. Strizhak and V. R. Lemkhleb, J. Anal. Chem., 10, 256, (1955). 
[29] V. V. Fesenko and I. P. Gragerov, Proc. Acad. Sci. USSR, 101, 695, (1955). 

(30) C. A. Bunton and D. N. Spatcher, J. Chem. Soc., 1079, (1956). 

(31) M.L. Bender, J. Am. Chem. Soc., 73, 1626, (1951). 


Received January 15, 1959 


. 
= 
= 


A METHOD FOR THE SYNTHESIS OF MONESTERS OF PHOS- 
PHONOUS ACIDS 


Academician M. I. Kabachnik, E..N. Tsvetkov and 
Chung-Yu Chang 


Institute of Heteroorganic Compounds Academy of Sciences USSR Sere 


In contrast to similar derivatives of phosphorous acid, monoesters of phosphonous acid have received little 
study. This is due chiefly to the lack of convenient general methods for the synthesis of alkyldichlorophosphines, 


which ordinarily serve as starting materials for the preparation of derivatives of alkylphosphonous acids, includ- 
ing the monoesters. 


In 1952, B. A. Arbuzov and N. I. Rizpolozhenskii [1] synthesized a number of monoesters of ethylphospho- 
nous acid by the interaction of the appropriate alcohols with ethyldichlorophosphine, which is presently one of the 
most available alkyldichlorophosphines. 


C,HsPCl, + 2ROH — OR = RC1 + HCl 


H 

Studies were made of the physical properties [2] of the substances prepared, alkylation [3] and arylation 
[4] reactions of their sodium salts, and of addition reactions with various unsaturated compounds [5-7]. The on- 
ly aromatic derivatives which have been prepared are monoesters of phenylphosphonous acid [5, 8-10], which 
were used for the synthesis of various derivatives of phenylalkylphosphinic acids [5, 6, 8-11]. 


The present paper describes a general method for the synthesis of monoesters of alkyl- and arylphosphonous 
acids by hydrolysis of the corresponding total esters, which are readily obtained by a previously developed method 
from dialkyl chlorophosphites and organomagnesium compounds [12]. The process can be carried out, without i- 
solation of the corresponding total esters in the pure state, by the action of water on the reaction mixture formed 
by the interaction of the dialkyl chlorophosphite with the organomagnesium derivative 

O 


A solution of the organomagnesium compound (0.11 mole of alkyl or aryl halide and 0.11 g-atom of mag- 
nesium in 50 ml of ether) was added dropwise, with vigorous stirring, to 0.10 mole of the dialkyl chlorophosphite 
in 50 ml of ether at a temperature of -60 + 5°. The temperature was then raised to 20°, after which 50 ml of a 
5% solution of ammonium chloride was added with stirring, and the mixture was allowed, to stand overnight. The 
ether layer was separated, the aqueous layer was extracted with chloroform (3 times with 50-ml portions), the 
chloroform extract and the ether solution were filtered through a layer of anhydrous sodium sulfate, the solvents 
were evaporated under vacuum, and the 1esidue was distilled. All operations were carried out in an atmosphere 
of purified nitrogen. The yields, constants, and analyses of the compounds prepared are presented in Table 1. 


The monobuty! ester of benzylphosnhonous acid was converted by the action of sodium in toluene to the 
corresponding salt, which, by further refluxing with benzyl chloride for 3 hours, was converted to the butyl ester 
of dibenzylphosphinic acid; the yield was 67%, m. p. 77.5-78° (from petroleum ether). 
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Found %; C 71.58, 71.73; H 7,59, 7.64; P 10.35, 10.50, CygH,gPQ,. Calculated % C 71.50; H 7.66; 
P 10.24, 


Saponification of the butyl ester of dibenzylphosphinic acid with a solution of potassium hydroxide (refluxed 10 
hours) gave dibenzylphosphinic acid, m. p. 191.5-192.3° A mixture of the acid with a sample synthesized from 
diethyl phosphite and a janet chloride [13] melted at 191.5-192-3° Literature data: m. p. 189-189.8° 
[13], m. p. 192° [14]. 


The butyl ester of dipropylphosphinic acid was prepared similarily from the monobutyl ester of propylphos- 
phonous acid; the yield was 58.7%, b. p. 90.5- np 5°/ 2.5 at ny 1.4419; dj’ 0.9389. MR found 58.13, calculated 
58.12. Literature data; b. p. 78-79°/1 mm; n 5 » 1.4389; d3° 0.9343 [15]. 


Found %; C 58,00, 57,96; H 11. 26, 11,12; P 14,95, 15. 02, CypHggPO,. Calculated % C 58,23; H 11,24; 
P 15.02, 


An atomic refraction of 5.09 was used for calculating the molar refractions of the monoesters of alkylphos- 
phonous acids; this value was obtained from our experimental data and data of B. A. Arbuzoy and N. I. Rizpolo 
Zhenskii (1). 
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(Presented by Academician A. N. Nesmeyanov, February 9, 1959) 


For some time past there has been no information in the literature on the preparation of methacrylates of 
alkyl and aryl derivatives of tin. The preparation of dimethyltin dimethacrylate has been described only recently 
[1]. We have prepared for the first time polymerizable trialkyl(aryl)tin methacrylates: 1) trimethyltin methacry- 
late CH, = C(CH;)COOSn(CHs)3; 2) triethyltin methacrylate CH, = C(CH3)COOSn(C,Hs)s; 3) tri-n-butyltin methe 
acrylate CHy,C(CHs)COOSn(C,4H,)3; and 4) triphenyltin methacrylate CH, = C(CHs)COOSn(CgHg)3. The synthesis of 
the trialkyl(aryl)tin methacrylates was carried out by the interaction of the corresponding trialkyl(aryl)tin hydrox- 
ides and methacrylic acid in acetone solution. 


These substances are white crystalline compounds which are soluble in organic solvents. They readily un- 


dergo both mass and solution polymerization and also copolymerize with vinyl monomers with the formation of 
transparent, colorless plastic masses. 


It was interesting to find that an increase in the length of the alkyl radical in the tin-containing metha- 
crylates has an effect on the properties of the resulting polymers. Thus, while trimethyl-and triethyltin meth- 
acrylates yield solid polymers, tributyltin methacrylate yields a colorless, transparent, elastic gel. 


EXPERIMENTAL * 


The synthesis of the trialkyl(aryl)tin hydroxides were carried out by successive conversion of the tetraalkyl 
(aryl)tins to the chlorides and thence to the hydroxides by the usual methods, Trimethyltin hydroxide was ob- 
tained as delicate, colorless needles [2]. 


Found %; Sn 65,32. CsHygOSn, Calculated %; Sn 65,74, 


Triethyltin hydroxide had a_ b. p. of 153-155°(20 mm), m. p. 45°(3). Tri-n-butyltin hydroxide has a. 
b. p. of 186- 190° (5 mm) [4]. Triphenyltin hydroxide was obtained as lustrous plates, m. p. 119° [5]. 


The syntheses of the trialkyl(aryl)tin methacrylates were carried out in a flask fitted with a reflux con- 
denser. The methacrylic acid and the appropriate trialkyl(aryl)tin hydroxide were used in the form of an equi- 
molar solution in acetone. The reaction mixture was heated on a water bath for 30-60 minutes. The acetone 


was removed by vacuum distillation. The residue, trialkyl(aryl)tin methacrylate, was carefully purified by frac- 
tional distillation under vacuum and recrystallization from hexane. The yield was 60-80%, | “ 


Trimethyltin methacrylate — fine, white crystals, m. p. 122°. Triethyltin methacrylate — white, acicular 
crystals, m. p. 76-79°. 


Found %, Sn 40,64, CygH29O,Sn. Calculated % Sn 40,89, 


* With the assistance of V. A. Arbuzov. 
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Tri-n-butyltin methacrylate — white, acicular crystals, m. p. 20-22", 


Found %; C 52,33; H 8.92; $n 31.70, CygHg,O,Sn. Calculated % C 51.20; H 8.53; $n 11,73, 


Triphenyltin methacrylate — fine, white crystals, m. p. 91-92°. 
Found %; Sn 28,17, CygH»9O,Sn, Calculated % Sn 27.36, 


The interaction of triphenyltin methacrylate with alcoholic HCl gave methacrylic acid and triphenyltin chlo- 
ride with an m., p. of 105° (% Sn; found, 30,30; calculated 30.86). 


The interaction of triphenyltin methacrylate with alcoholic KOH gave potassium methacrylate and tri- 


phenyltin hydroxide (m. p. 118-119°). Trialkyl(aryl)tin methacrylates polymerize both in the absence of ini- 
tiators and in the presence of peroxides and azo compounds. 


Further study of the properties of the polymers and copolymers continues. 
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ORGANOMETALLIC COMPOUNDS FROM DOUBLE SALTS OF METAL 
HALIDES AND HALONIUM COMPOUNDS 


Academician A, N, Nesmeyanov, Corresponding Member 


AN SSSRO. A, Reutov, T. P. Tolstaya, O. A, Ptitsyna, 
L. S. Isaeva, M. F. Turchinskii and G., P. Bochkareva 


M,. V. Lomonosov Moscow State University Institute of Heteroorganic 
Compounds AN SSSR 


The present work adds to two extremely similar types of reactions for the synthesis of organometallic com- 
pounds, which are expressed by the general equations 


MX a+ — > Atm M Xp m+ + = MX, (2) a 


an additional two reactions 


(Ar2BrX)mM™ X, +> 2M?) Atm mArBr + x, (111) 


(ArzClX)m M™ Xp > M” —> Atm M m ArCl + 


In the double diazoni On salt method [1], the metal vn ) can (FB: fi Sn, Pb, As, Sb, or Bi; for various 
combinations, the metal M‘P? can be Cu, Zn, and Fe; in addivon M . In the double iodonium salt 
method [2], studies have been carried out on systems where M’ © is Hg, Sn,Sb , or Bi; these metals give 634 
yields of the corresponding organometallic compounds. Generally, the same metal has been used for M 
for mM ) though Zn and Cu have been used at times. The decomposition of the double salts of diphenylbromo- 
nium (or, correspondingly, chloronium) halides with the metal halide was carried out in acetone solution using 
powders of the same metals as were used in the work of O. A. Reutov and O. A. Ptitsyna on diphenyliodonium 
double salts. The course of these new reactions proved to be completely analogous to the course of the diphenyl- 


iodonium double salt reactions, as were the results obtained; this is new confirmation of the close similarity of 
all three diarylhaloniums. 


The cold decomposition by copper powder of the double salts of diphenylchloronium iodide and diphenyl- 
bromonium iodide with Hgl, in acetone gave phenylmercury iodide in yields of 22 and 35%, respectively: 


{(CeHs)2Br*] Hg Hgl 


e 
. 
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The decomposition by tin powder of the double salts of diphenylchloronium chloride and diphenylbromo- 
nium chloride with SnCl4 gave diphenyltin dichloride in yields of 57 and 55%, respectively: 


SP 
(C,Hs)2SnCle. 


TABLE 1! 


Formula of salt C, % 


found] calc, 


{(C.H,),Br] Hel 4108—100 (*) 
((C.H,):C1] Hel, 4100—100,5 (*) 
{(C,H,),0] HgI, 156—157 (*) 


{(C.H,),0] Cul,» 207 

TICh 60-61 * 
{(C.H,),Cl] 79—80 * 
((C.H,),0] TICI, 125-198 
{(C.H,),0] FeCl, ¢ 141-142 
SnCl, 178—180 
SnCl, 155—156 


{(C,H,),0], SnCl, 247—248 


179—180 
140—141 


225—226 


1 All of the salts shown in the table, with the exception of [(CgHs)s0] Culy 
and [(CgHs)s0]FeCl, were prepared by mixing aqueous solutions of the di- 
phenylbromonium, diphenylchloronium, and diphenyloxonium flttoborates 
with solutions of the heavy metal halides in the corresponding halogen 
acids. * Prepared by the decomposition of ((CgHs)sOJHgls with metallic 
copper. * The salt melts, but does not decoinpose, at this temperature. 

‘ Prepared by the decomposition of [(CgH;),0] TIC, with metallic iron. 

5 On the basis of the analytical results, the salt was a mixture of the com- 
pounds[(CgH,), Halt] MeCly MeCl2—. © On the basis’ 
of the analytical data, the salt and a composition which was intermediate 
BiCIy and BiCIZ-, ; 


The decomposition of the corresponding. double salts of antimony trichloride by antimony powder led to 


the formation of a mixture of dichlorophenylstibine, chlorodiphenylstibine, and a small amount of triaryl organe- 
antimony compounds; 
SP CoHgSbCl2 (9%) (17%) 


Analysis 
Metal, % 
found | calc, found| calc, 
e 
37,99 2,65 
38,15 | 98,29 | | 2,67 
| | 18 | 
21128 | 25,90 | | 1.89 
| 36,42 | | 2,56 
48,14 
13°10 | 48,60 3,37 12,55 
| 36,05 | | 2,19 
40,59 } 40,54 3,12 2,83 
52,35 3,66 14,37 
28,45 | 24,64 | 4,84 | 4,73 : 
28748 | 33°72 | 1:95 | 
| | ater | 2063 
36,82 | 37:64 | 2367 | 2,63 
44,20 | 36,15 | 3,04 | 2,52 
44517 | | 2'96 | 3:43 
30,02 | 28,95 | 2,20 | 2,02 : 
130-131 | 29°98 | 37°56 | 2314 | 
33,11 | 31,78 | 2,93 | 2,23 
120-121 | 33720 | | 2°49 | 2°97 
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The decomposition by bismuth powder of bismuth trichloride double salts gave triphenylbismuth: 


8! (74%) 


According to the analytical results, the double salts of antimony trichloride and bismuth trichloride were 
mixtures of the compounds [(CgH;),Hal+] MeClz and [(C,Hs), Hal* },MeClg~ 


TABLE 2 


Decomposition of Double Salts of Diphenylbromonium, Diphenylchloronium, and Triphenyl- 
oxonium Halides with Heavy Metal Halides 


Reaction product 
Original salt, Metal, 
8 & ml conditions yield 
in giin % 
{(C,H,),Br) Hgl, 3,3 | Copper, 1 Beetone A C.HHel 270 0,63} 38,5 
at 
((C.H,),Cl) Hel , 3,8 i | Same, 7 hr Same 270 0,39] 22 
H,),0) Hel, 4,0 0,3 3 H,),0 177 (*)| 0,07| 16 
{(C,H,),0) Hel Same,18hr hat 58 
H,),0] * 1,3 | Iron (powder) 3 C.H,)30] 192 (*)| 0,41] 53 
Same, 19 hr} ech, | 142°] | 71 
SnCl 1,4 | Tin (powder) 3° Same, 2 hr (C.H,)2SnO ¢ — | 0,28] 55 
1,0 “0,4 4 | Same, 4hr Same — 0,231 57 
((C,H,),0}. SnCl, 1,0 | Freshly red. 2,5 Orig. salt completely recoverad 
tin, 0.117 Same,21 hr} temp. 246-24 
((C.H,)sBr] BiCl, * 3,0 | Bi eer gy 15 | Same, 26 (C,H,),Bi * 176—77(*)] 0,54] 64 
repd, 
((C,.H,)2ClJ, BiCl, * 1,7 P ry 10 Same, 23hr Same 77—78 | 0.34| 52 
{((C.H,),O] BiCl, * 4,4 1,3 6 | Same,23 hr} 0,4 g orig, salt rec’d., dec, 
temp, 226-227° 8 
Same 2,5 2,0 30 | Refluxed 
5 hr 1 g orig, salt recovered® 
{(C.H,),Br) SbCI, * 8,0| Antimon 40 | Agitated C,H,SbO 0,64 118,51 
18 hr, at20°| 0 0,56 | 24 
SbCL * 5.0] 4,53,5| 39 | Same, 25hr 2 


1 symmetrization with sodium stannite gave diphenylmercury with an m. p. of 124-125° 
(125° [9]). In the interaction of {(CgHs)2Br] T1Cl, and [(CgH;),Cl] T1Cl, with iron powder, 
the salts decomposed completely; however, no organothallium compounds were found. ° 

It was necessary to add one drop of concentrated hydrochloric acid to start the reaction. 
The reaction did not go without the addition of the acid. ‘ Identified as (CgHs)2SnBr, with 
an m. p. of 38° (38° [10)). ® See Table 1 for the composition of these salts. 5 Isolated 
after symmetrization of the reaction products with aqueous ammonia. ’ Yield calculated 
on the basis of a 50-50 mixture of [(CgHs),Br]BiCl, and [(CgHs)sBr],BiCls. * Organobismuth 
compounds were not found. ® Identified as diphenylstibine acetate with an m. p. of 130.5 


-131° (131-132°[11}). " Yield calculated on the basis of [(CgHs)gHall] SbCl,, where Hal = 
Br or Cl. 


* For the sake of comparison, it should be pointed out that diphenyliodonium doubie salts gave about an 80% 
yield of organomercury compounds, a 70-80% yield of organotin compounds, a 50-60% yield of organoantimony 
compounds, and a 70-80% yield of organobismuth compounds. However, it should also be pointed out that special 
development work was carried out in the case of the iodonium salts, while for the chloronium and bromonium 


salts, the results of the first experiments are given, and it is quite probable that the yields could be increased to 
values of the same order. : 


; 
< 


Under our conditions, double salts of triphenyloxonium, (C,H;)3 OMectnys (where Me = Hg, TI, Sn, or Bi) 
either did not react with metal powders (Cu, Fe, Sn, and Bi), or the reaction proceeded only with a change in the 
anion of the double salt. Thus, the reaction of [(CgHs)J0] TICIz with iron powder gave (C,H;),OFeCl7. The tri- 
phenyloxonium cation remained unchanged, and no organometallic compounds were formed. One possible expla- 
nation of the different behavior of triphenyloxonium salts in the synthesis of organometallic compounds as com- 


pared to phenyldiazonium and diphenylhalonium salts is given in our previous papers on the decomposition of di- 
azonium and halonium fluoborates by metal powders [3]. 


Thus, the method for the synthesis of organometallic compounds through diazonium double salts has been 
generalized into a method for the synthesis of organometallic compounds through onium double salts. 


A limitation of the method is the inapplicability of oxonium and (by analogy) ammonium salts for the 
present purpose. The reason for this limitation is that neither the oxygen nor the nitrogen of these salts is capa- 
ble of forming a new quaternary or quinary, respectively, covalent bond. 
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As has been shown in a number of researches, polyalkylbenzenes containing cycloalkyl radicals, in addi- 
tion to alkyl radicals, can be obtained by alkylation of methyl- and polymethylbenzenes with cyclopentene or 
cyclohexene in the presence of anhydrous aluminum chloride [1, 2, 3]. The present paper describes the synthe - 
sis of dimethylisopropylbenzene starting from p-xylene and propylene in the presence of aluminum chloride, and 
the further alkylation of the resulting trialkylbenzene — isopropyl-p-xylene — with cyclopentene. Since isomer- 
ization is possible in the presence of aluminum chloride, the positions of the side chains were determined by ab- 
sorption spectroscopy in the ultraviolet region. The constants-of the isopropyl-p-xylene were in agreement with 
the constants cited by Kooyman and Strang, who prepared this hydrocarbon by alkylation of p-xylene with diiso- 
propyl ether in the presence of sulfuric acid at a temperature of 80°. The structure of the hydrocarbon was de- 
termined by absorption spectroscopy in the infrared region [4]. 


The starting material for our preparation of these hydrocarbons was p-xylene, which, after distillation in 
a highly efficient fractionation column with 40 theoretical plates, had a b. p. of 137.5-137.6°, a" = 1.4956, 
d”, = 0.8608, and an f. p. of 12.5°; these values are in agreement with the literature values [5]. 


The condensation of p-xylene with propylene was carried out at a mole ratio of p-xylene to propylene of 
1:0.6. 


Distillation at atmospheric pressure and subsequent fractionation in a Fenske-type column of 12 theoretical 
plates resulted in the separation of a substance with a b. p. of 75° at 11 mm Hg, 195.0-195,5° at 753 mm Hg; the 
material did not freeze at— 70°, and had n™p = 1.5012 and d™, = 0.8742. 


The density and refractive index values are in complete agreement with the values for the 1, 4-dimethyl- 
2-isopropylbenzene prepared by the authors mentioned above, for which ny = 1.5012 and d°, = 0.8741 [4]. 
This hydrocarbon (and all subsequent hydrocarbons) was investigated by absorption spectroscopy in the near ul- 


traviolet region; the investigation was carried out using a photoelectric spectrophotometer and isooctane as the 
solvent. 


Maxima at 2755 and 2760 A were found in the spectrum of the isopropyl-p-xylene (Figure 1, I). The spec- 
trum of pseudocumene [6] is presented for comparison. That the wave lenghs of the absorption maxima in the 
spectra of the isopropyl-p-xylene-and pseudocumene are closely similar,and also the general character of the ab- 
sorption, indicates that the side chains in the isopropyl-p-xylene are in the 1, 2, and 4 positions. 


The 1, 4-dimethyl-2-isopropylbenzene described above and a certain amount of a fraction boiling at 225- 
235 with ny = 1.5055, which congealed to a solid mass, were obtained by condensation of p-xylene with pro- 
pylene in equimolar amounts. The crystals obtained by recrystallization from alcohol had an m, p. of 36-37° 
and the composition C,,H»» (analysis). 


Kooyman and Strang [4] give an m. p. of 37.2° for 1, 4-dimethyl-2,5-diisopropyibenzene. 


An investigation of the preparation by absorption spectroscopy in the ultraviolet region showed there to be 
a very close similarity in the character of the absorption of the diisopropyl-p-benzene and durene (Figure 1, II). 


The practically complete agreement between the wave lengths of the absorption maxima of diisopropyl-p-xylene 
(2778 and 2688 4) and those of the durene maxima and the close similarity of the intensities of these maxima in- 
dicates that the diisopropyl-p-xylene has the structure 1,4-dimethyl-2,5-diisopropylbenzene. It should be noted 
that the spectrum of the diisopropyl-p-xylene agreed well in wave length and intensity of the two major maxima 
with the spectrum of this same substance as shown in reference [4]. 


2500 2600 7800 2600 2700 2800 24002500 2600 2700 A 

Fig. 1. Absorption spectra: I) Isopropylparaxylene (a) and pseudocumene (1, 

2,4-trimethylbenzene) (b); II) diisopropylparaxylene (a) and durene (1,2.4,5- 

tetramethylbenzene (b); II1) cyclopentylisopropylparaxylene (a) and dicyclo- 

pentylparaxylene (b). 


The 1,4-dimethyl-2-isopropylbenzene described above was condensed with cyclopentene in the presence 
of aluminum chloride at a ratio of isopropyl-p-xylene to cyclopentene of 2:1 starting with 50 g of isopropyl-p- 
xylene; the condensation was also carried out twice at a ratio of isopropyl-p-xylene to cyclopentene of 1:1 start- 
ing with a total amount of cyclopentene of 50 g. There was a slight evolution of heat during the reaction. The 
cyclopentene was not completely reacted. 70 g of reaction products boiling above 250° was obtained. Distilla- 
tion at atmospheric pressure and vaccum distillation in the column mentioned above yielded a fraction with a 
b. p. of 122-123° at 3.5 mm Hg (~287 at atmospheric pressure) and n'y = 1,5282; the distillate rapidly congealed 
to a crystalline mass. Recrystallization from alcohol gave fine needles with an m. p. of 29.5-30.5°. The compo- 
sition CygH,, was established for this substance (analysis). The product boiling above 300° was vacuum distilled 
over metallic sodium, and this gave a crystalline substance which boiled at 182-185°(10 mm Hg); several re- 
crystallizations of the material from alcohol gave a white, finely crystalline substance which had an m, p. of 80°. 


The absorption spectra in the ultraviolet region of these hydrocarbons are presented in Figure 1. The gen- 
eral character of the spectra and theabsorption intensity correspond to those of the durene spectrum. A certain 
shift ( by ~ 10 A) toward the longer wave lengths in the 2785 and 2695 A absorption maxima in the spectrum of 
cyclopentylisopropyl-p-xylene as.compared to the corresponding maxima in the durene spectrum was caused by 
the introduction of the cyclopentane ring into the benzene ring. A similar shift in absorption maxima has been 
observed for a series of naphthenylaromatic compounds, as has been previously described [6-8]. 


That the absorption bands of cyclopentyl-p-xylene and durene are of the same type indicates that the hy- 
drocarbon obtained had the structure 1,4-dimethyl-2-isopropyl-5-cyclopentylbenzene. 


That the hydrocarbon with an m. p. of 80° was a pentasubstituted benzene with two methyl groups, two 
cyclopentyl groups, and one isopropyl group seemed probable. 


However, the absorption spectrum of this substance had a character closely suailar to that of durene, di- 
isopropyl-p-xylene, and cyclopentylisopropyl-p-xylene, 1. e., compounds having four substituents in the 1, 2, 4, 
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and 5 positions in the benzene ring (Figure 1). The shift of the absorption bands of this substance toward the 
longer wave lengths was due to the presence of two five-membered rings in the molecule. If the substance were 
a pentasubstituted benzene, it would have to have two lower intensity ab-orption bands and the intensity of the 
maximum at 2800 4 would have to be lower than the intensity of the maximum at 2710 A [8]. It was found that 
the absorption spectrum of this substance was in complete agreement with the spectrum of dicyclopentyl-p-xyline 
{7}. The composition CygH,, was established for this substance (analysis). 


A mixture of a sample of the hydrocarbon melting at 80° with a ::mple of previously prepared dicyclo- 
pentyl-p-xylene melting at 81° [2] showed no depression of the melting point. 


It is quite evident that this hydrocarbon is dicyclopentyl-p-xylene. Its formation by the interaction of 1, 
4-dimethyl-2-isopropylbenzene under the conditions given above proceeds with cleavage of the isopropyl group 
and its replacement by a cyclopentyl radical. 


This circumstance confirms the general presumption of the greater hindrance involved in the preparation 
of pentasubstituted benzenes containing relatively large side chains. 
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DEHYDROGENATION OF n-HEXANE OVER ALUMINUM- 
CHROMIUM CATALYST 


E. A. Timofeeva, Corresponding Member AN SSSR, 


N. I. Shuikin, Yu. P, Plotnikov and V. M. Kleimenova 
N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences USSR , 


The first investigations of the dehydrogenation of n-hexane were carried out in the presence of metallic 
catalysts. As early as 1919, Tausz and Putnoky [1] reported that this reaction would go under the influence of 
palladium black under conditions under which dehydrogenation is carried out with Zelinskii catalyst. The au- 
thors found that from n-hexane, as from isopentane, n-heptane, and n-octane, insignificant amounts of unsat- 
urated hydrocarbons were formed during the first 1-2 hours of operation of this catalyst, Vvedenskii and Ivan~- 
nikov [2], studying chemical equilibria of reactions between hydrocarbons, determined the equilibrium constant 
for the dehydrogenation of n-hexane at 382, 414, and 448°. They used palladinized asbestos as acatalyst, How- 
ever, the article did not give any concrete data concerning reaction conditions or yields of hexenes, nor did it 
say whether or not aromatics were formed under the conditions of the investigation. 


TABLE 1 There are no papers devoted to the study of the 
dehydrogenation of n-hexane. Nevertheless, it is 
known that in the presence of these catalysts, in ad- 
dition to aromatics, a certain amount of unsaturated 
hydrocarbons is always formed from Cg and higher n- 
alkanes [3]. The aromatization of n-hexane over 
chromic oxide has been studied by Moldavskii and 
co-workers[4Jand by Hoog, Verheus and Zuiderweg 
[5]. Usov and Sidorova have also recently become 
occupied with this reaction [6]. Table 1 presents da- 
ta from the literature on the dehydrogenation of n- 
hexane under aromatization conditions in the presence 
0.22 g catalyst of chromic oxide. As:may be seen from the results of 
0.5 hours“! ty the cited work, the authors obtained catalyzates con- 
taining considerably less unsaturated hydrocarbons than 
aromatics, 


Literature Data on Aromatization and Dehydrogena- 
tion of n-Hexane 
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For the past two years, we have carried out work on the catalytic dehydrogenation of isoalkanes and of n- 
alkanes, including n-hexane. As a result, we have come to the conclusion that by changing the method of prep- 
aration of the chrome -alumina catalysts, by introducing alkali metal oxides into the catalyst, and, finally, by 
varying the reaction conditions, it would be possible to change considerably the ratio of the yields of unsaturated 
and aromatic hydrocarbons from n-hexane, and we were able to change this ratio from 0.14 to 2.11. Moreover, 
it must be pointed out that the yields of u. saturated hydrocarbons varied over a much smaller range (from 2 to 
20%) than did the yields of benzene (from traces to 60%). Of all the catalysts investigated, the best, from the 
point of view of obtaining maximum yields of unsaturated hydrocarbons and minimum yields of benzene, was a 
chrome~ alumina catalyst without alkaline promoters and prepared by impregnation of commercial aluminum 
oxide with a solution of ammonium dichromate, Dehydrogenation of n-hexane in the presence of this catalyst 
at 500° and a space rate of 0.5 hour gave a yield of unsaturated hydrocarbons of 20%, and the yield of benzene 
did not exceed 14%, 
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In the present work, we undertook the problem of changing the conditions under which the dehydrogena- 
tion of n-hexane was carried out over chrome- alumina catalyst in order to suppress to a still greater extent the 
aromatization reaction without significantly decreasing the yield of hex-nes. The effect of temperature and of 
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Fig. 1. Content of unsaturates (1) and of ben- 
zene (II) in n-hexane catalyzates as functions 
of the amount of n-hexane fed: 1, 2) at 475°; 
3, 4, 5) at 500°; 6) at 550°. Space rate: 1) 1.5 
2) 2.1 3) 0.5 4) 1.5 
5) 2.1 6) 2.1 


TABLE 2 


Composition of the n-Hexane Catalyzates Obtained Over Chrome~ Alumina Catalyst 


spaces rate on the course of the dehydrogenation of n- 
hexane (b. p. 68.7° at 760 mm, n°, 1.3750, d”°, 0.6590) 
was investigated first. The n-hexane was fed to the chrom- 
ium-alumina catalyst (Al,03+ Cr,O3, 94.2:5.8 mole %), 
which was placed in an 18-mm diameter quartz tube. 

The amount of the catalyst was 30 ml (23 g), and the 
length of the bed was 17 cm. A flow-type system was 
used. The presure was atmospheric. 200 ml of n-hexane 
was fed in each experiment. The amounts of catalyzate 
subjected to analysis corresponded to 200 ml of n-hexane 
fed and to half this amount. Moreover, analyses were car- 
ried out on separate portions of the catalyzate correspond- 
ding to 10 ml of hexane fed. The n”°p and the content 

of unsaturated and of aromatic hydrocarbons were deter- 
mined by methods described by us previously [7]. The 
combined n-hexane catalyzates, obtained under the dif- 
ferent conditions, were also analyzed by gas-liquid chro- 
matography [8]. The column used was packed with kie- 
selguhr wetted with tricresyl phosphate. The operating 
tempetatures were 20 and 56°. It was found that the al- 
kenes formed consisted of hexenes, and the aromatic hy - 
drocarbons consisted of benzene. Unreacted n-hexane 

and traces of n-pentane and isohexanes were found in 

the paraffinic fraction of the catalyzates. 


‘Sp Hexene content, Benzene content, % 
jofcatatys in of cata- pf hexane 
jzate |zate | fedin fed in 
1,5] 100 | 93,5] 7,100 | 4,3820 | 43,7] 42,8 3,7 3,5 
200 94,0 | 12,700 | 41,3815 | 12,2 11,5 3,6 3,4 
475 | 2,4 400 | 94,2] 5,500 | 41,3800 | 12,9] 42,2 2,0 1,9 
200 | 94:5] 95500 | 41,3800 | 12°41 | 44°74 1'0 0'9 
700 | 96,5} 25,300 | 1,3790 | 10,2) 9:8 |<1:0 | traces 
0,5 100 86,5 | 18,200 | 41,3950 | 20,6] 17,8 12,8 41,1 
1,5 100 92,5 | 11,100 |°4,3880 | 19,4] 17,9 6,9 6,4 
200 93,0} 18,400 | 1,3860 | 17,0] 45,8 5,1 4,7 
500 2,1 100 92,5 | 10,000 | 1,3860 | 17,6 | 16,3 8,0 7,4 
200 | 17,600 | 433835 | 45/9 | 6,9 
550 | 2,1] 400 | 82,9] 17,200 | 1,3020 | 18,9! 45,7 | 16,0 | 43,3 
200 | 86,0 | 29,850 | 1/3875 | 43.4 | 10/0 
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The data obtained are presented in Table 2 and in Figure 1. The gas formed during the conversion of n- 
hexane at 475 and 500° contained from 90.6 to 95.3% hydrogen, up to 1.8% unsaturated hydrocarbons, and from 
2.7 to 7.5% alkanes. The gas obtained at 550° contained 89.0% hydrogen, 8.3% unsaturates, and 2.7% saturated 
hydrocarbons. As seen from the data of Table 2 and Figure i, an increase in the reaction temperature from 475 
to 550° led to an insignificant increase in the hexene yield, a total of ~ 2%. However, along with this, the yield 
of benzene increased from traces to 9-13%, It was found that the lower the temperature, the lower the slope of 
the dehydrogenation curve, i.e., the less the catalyst decreased in activity with time. In our opinion, the results 
of the experiments carried out at 550° at space rates of 1.5 and 2.1 hours~, and particularly the results of the ex- 
periments at 475, merit serious attention. In the first case, the amount of hexenes obtained was 2-3 times greater 
than the amount of benzene. In the second case, at 475° and a space rate of 2.1 hours, ~3% benzene was 
formed only in the initial period of the experiment, and after this the benzene content ofthe catalyzates did not 
teach 1% which is the limit of accuracy of the determination; moreover, although the yield of hexenes also de- 
creased with time, this decrease occurred very slowly. Thus, in the first portion ofthe catalyzate that correspond- 
ing to 10 ml of hexane fed, contained 11% hexenes, while in a later portion, after 700 ml of hexane had been fed, 
the hexene content was 8%, Thus under these conditions there was practically no dehydrocyclization of the n- 
hexane, while hexenes were formed in quite appreciable amounts. The hexene content of the combined cata~ 
lyzate reached 10%, which was equivalent to a yield of 74% calculated on the hexane reacted. 


This result has an important significance, since we are the first to be able to suppress almost completely 
the aromatization of an n-alkane capable of direct dehydrocyclization in the presence of a chrome~alumina 
catalyst; moreover, under the reaction conditions used, the dehydrogenaton of n-hexane was appreciable. 
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SYNTHESIS AND PROPERTIES OF ALKYLINDANES WITH SUB- 
STITUENTS IN THE FIVE-MEMBERED RING 


Academician A. V. Topchiev, N. E. Tsytovich and 
S. Pokrovskaya 


Institute of Petrochemical Synthesis, Academy of Sciences USSR 


Several recent investigations have been devoted to the synthesis of hydrocarbons of the indane series [1-5]. 
References [3-5] described homologs of indane with one and two side chains in the five-membered ring; these 
compounds were prepared from phenylpropionic acid, 6 -alkylphenylpropionic acids, and benzylalkylmalonic 


esters by closure of the five-membered ring. These reactions are complex, and they proceed through several 
stages. 


The present communication describes the preparation of alkylindanes with substituents in the five-mem- 
bered ring by a simpler method — the interaction of indene with ketones by the method of Thiele [6], who, in 


his own paper, described the preparation of a series of unsaturated hydrocarbons by the interaction of cyclopen- 
tadiene and indene with ketones. 


Musaev [7] used the reaction described by Thiele for the preparation of indane. Ruzicka and Peyer used 
a modification of the Thiele method for the synthesis of «-isooctylhydrindene [8]. 


Our attempts to carry out the condensation of indene with methyl ethyl ketone by Thiele's method resulted 
in the formation of a doubly unsaturated hydrocarbon in very small yield (about 7%). A change in the reaction 
conditions made it possible to obtain butylidenindene in a yield of 38% of theoretical. The reaction was carried 
out with the indene in ether solution to which was rapidly added not sodium ethylate; the mixture was then heat- 
ed, with stirring, on a water bath, and an equimolar amount of methyl ethyl ketone was added dropwise. The 
mixture was stirred for 3-4 hours after the addition of the ketone. The reaction product was treated with 10% 
hydrochloric acid. The hydrocarbon was separated, and the residue was extracted with ether. Repeated fraction- 


ations under vacuum ane a hydrocarbon with a yellow color, which had a boiling point of 122-122,5° at 6 mm 
Hg, = 1.6186; d”, = 0.9985. 


Found%: C 91,54, 91,52; H 8,28, 8,26, CygHy. Calculated%: C 91.71; H 8.29, 


Hydrogenation of this hydrocarbon at room temperature and a hydrogen pressure of 125 atmos in the presence 


of skeletal nickel catalyst gave colorless 1-(sec-butyl)indane. The properties of this compound are presented in 
Table 1. 


Found%: C 89,59, 89.57; H 10.47, 10.50, CysHyg. Calculated%:.C 89,59; H 10,42, 


One volume of 98% sulfuric acid completely sulfonated the hydrocarbon in 30 minutes. 


Under the reaction conditions given by Ruzicka and Peyer [8], indene and methyl butyl ketone gave a 
broad hydrocarbon fraction having a yellow color, b. p. 186-145°/4 mm and ~ = 1.5950. Hydrogenation of 
this hydrocarbon fraction, under the conditions described above, followed by vacuum distillation and chromato- 


. 
- 


graphic separation on silica gel gave the colorless hydrocarbon 1-(2-hexyl)indane. The properties of this hy- 
drocarbon are given in Table 1. 


Found %: C 88.90; 88.96; H 11.09; 1105. Calculated %: C 88.88; H 11.12 


One volume of 98% sulfuric acid completely sulfonated the hydrocarbon in 60 minutes, while two volumes 
of 98% sulfuric acid required 30 minutes. In contrast to the older method [8], the reaction of indene with acetone 
was carried out in ether solution in a stream of nitrogen. Our experiments showed that in this case, the reaction 
proceeds with good yields, and the hydrocarbon is readily separated. A yellow-colored, broad fraction 89-116%/ 
4 mm with ny 1.6240, was separated and subjected to hydrogenation under the conditions described above. A 


second vacuum distillation of the hydrogenation product gave colorless 1-isopropylindane. The properties of this 
compound are given in Table 1. 


Found%: C 89,88, 89,64; H 9,94, 10.08, CyHyg. Calculated%: C 89,93; H 10,07, 
TABLE 1 


Properties of Alkylindanes with Substituents in the Five -Membered Ring 


Anilin 
Hydrocarbon and formula |B. mm ay point, 


Ci2H; 
1-Isopropylindane 223—224/748 | —60, —18 
Hy, 
1-(sec-But¥l)indane 236—237/756 


) 


CH,—CH—CH,—CH, 


276-277 ,5/756 0,9170 
me 
| 


CH,—CH—CH,—CH,—CH;—CH, 


1-Isopropylindane has previously been prepared by the interaction of an organomagnesium compound of 


indane with acetone through the intermediate alcohol [9]. The indicated reference gave only the boiling point 
of the hydrocarbon. 


1-(sec-Butyl)indane has also been described in the literature [3]. Its index of refraction, n*, = 1.5191, is 
in almost complete agreement with the value ny = 1.5199 of our preparation, 


The index of refraction of our 1-(2-hexyl)indane differed from the values for the 1-hexylindanes of refer- 
ences [3] and (5). The discrepancy can apparently be explained by a difference in the structure of the hexyl rad- 


ical. 
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